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ABSTRACT 
Leading music educators, such as Dalcroze, Orff, Kodcily, and Gordon, 
enthusiastically support the use of movement in the teaching of rhythm. This 
endorsement, coupled with the number and variety of studies that have examined 
movement and its impact on music learning, reflects the importance music educators and 
researchers have placed on movement's pedagogical possibilities. If movement is 
important in achieving rhythmic competency then it follows that students who participate 
in dance should possess rhythmic skills that equal or exceed those of music students. In 
order to examine the impact of movement, this study compared dance training and music 
training in the development of the rhythmic abilities ofbeat competency and rhythm 
pattern imitation. Secondary purposes were to determine the impact of the amount of 
instrumental music instruction, the amount of dance instruction, the type of instrument 
studied, or the style of dance studied. 
For this study, a causal-comparative design was employed. Participants (N = 84) 
were drawn from four arts magnet high schools and one traditional public school in 
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Connecticut and were stratified into groups defined as music students and dance students. 
The beat competency and rhythm pattern imitation skills of each subject were then 
measured using the Rhythm Performance Test-Revised, a computer-generated test, and 
results for each group were compared. 
Results indicated a statistically significant difference in favor of the music 
students on both the beat competency and rhythm pattern imitation measures. Further 
investigations indicated a statistically significant, negative relationship between the 
amount of dance training received and scores on the rhythm pattern imitation measure 
among the dance students. The percussion students scored statistically significantly better 
than all other music students on the beat competency measure. 
The study gives us initial insights into how music and dance pedagogical 
approaches work independently of each other. Whereas past studies have suggested that 
rhythmic movement may positively impact rhythmic ability when added to methods of 
rhythm pedagogy, this study suggests that rhythmic movement cannot replace the direct 
instruction of rhythm in a musical context. 
vm 
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Movement and Music 
When I visited Ghana in 2003 I was asked by some residents of the village of 
Kopeyia, "How is it that you can listen to music and not dance?" My neighbors were 
apparently astonished that one can listen to music and remain still. Music and movement 
are inexorably linked in numerous cultures (Geissmann, 2000; Gregory, 1997; Large, 
2008; Levitin, 2006; Merriam, 1964; Nettl, 2005). It has been suggested that music and 
dance have a "common genesis" (Molino, 2000, p. 165) and have, according to Freeman 
(2000), "co-evolved biologically and culturally" (p. 411). Molino (2000) also noted that 
our embrace of music designed for the concert hall "distances ourselves irremediably 
from the anthropological foundations ofhuman music in general" (p. 170). Cross (2003) 
agreed, stating that for most cultures today, and throughout most of the history of 
Western culture, movement is and has been as integral a part of music as sound. Cross 
(2003) suggested, however, that "the self-evident ties between musical sound and human 
movement have been rendered obscure" (p. 46). 
"Rhythm is essentially physical" (Jaques-Dalcroze, 1921/1973, p. 39). This 
statement is the cornerstone of Emile Jaques-Dalcroze's approach to music education. 
Dalcroze1 developed what Campbell (1991) called, in terms ofWestern music, "the 
single most complete system of rhythmic training published in the 20th century'' (p. 14). 
Contemporaries ofDalcroze recognized a person's natural inclination to move to music 
(e.g., Bolton, 1894; Ruckmich, 1913; Stevens, 1886; Triplett and Sanford, 1901). 
11 will use the name Dalcroze to refer to Emile Jaques-Dalcroze, which is how he is most 
commonly referred, as opposed to the more proper Jaques-Dalcroze. 
Dalcroze also realized that movement seems to be an instinctual response to music and 
suggested that rhythmic movement should precede all musical studies (1921/1973). 
Shehan (1986) stated that the maxim ofDalcroze's teaching became "first the instinct, 
and then the analysis" (p. 29). Dalcroze's notions of the importance of movement as a 
pedagogical tool in music education, and specifically rhythm training, received support 
from many other educationists and theorists, most notably Charles Farnsworth, Mabelle 
Glenn, Karl Gehrkens, and James Mursell, but this support was not unanimous. Other 
music pedagogues, such as T. P. Giddings, Will Earhart, Carl Seashore, and Jacob 
Kwalwasser believed that rhythmic ability was innate and unaffected by training 
(Ferguson, 2005). 
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Rhythm pedagogy through movement may have received its strongest support, 
however, when other music education approaches began gaining popularity. The ideas of 
Carl Orff, Zoltan Kodaly, and Edwin Gordon showed differences from those ofDalcroze, 
but all of these approaches share major points in common, among which is that rhythmic 
ability is fundamental to musical ability (Shehan, 1984; Wis, 1993) and that music 
education needs to include movement (Jaques-Dalcroze, 1921/1973; Orff, 197611978; 
Landis & Carder, 1972; Gordon, 2000). 
Considering all of this philosophical belief in the centrality of rhythm coupled 
with the empirical support that will be discussed as part of this study, it is not surprising 
that Douglass (1977) stated, "There is enough support to continue examining rhythmic 
movement as an appropriate method for teaching rhythm" (p. 126). The suggested 
advantages of the inclusion of rhythmic movement and dance in school curricula are 
many, diverse, and far ranging (see Buck, 2007; Dils, 2007; McCarthy, 1996; Wee, 
2007), but what are the benefits of dance education for the music teacher? McCarthy 
(1996) asserted that "integrating knowledge and skills from the discipline of dance into 
the general music class has the potential to increase disciplinary competence in music" 
(p. 20). Iyer (1998) supported this statement when relating the experiences of a friend 
who, while performing with various salsa bands, "noted the new dimension of rhythmic 
awareness that he experienced once he had learned the dance steps associated with the 
music he was playing" (p. 39). 
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Shehan (1984) spoke to the potential of dance, specifically folk dance, to aid 
students in learning rhythm and meter. According to Shehan, this potential exists at all 
grade levels and all skill levels. Referring to southeastern European folk dances as being 
possible vehicles for learning complex meters, Shehan stated, "Through physical 
involvement in the footwork of the dance, intellectual and psychomotor problems 
associated with contemporary meters and rhythms are confronted" (p. 48). McCarthy 
(1996) concurred, suggesting that dancing leads to "increased skill in identifying and 
performing various meters and rhythmic patterns" (p. 21). Abril (2011) suggested 
studying the effects of different forms of movement on musical ability. The training in 
ballet, tap, modem, hip hop, and the other dance forms studied by the dance participants 
qualify as the varied forms of movement of which Abril writes. Abril also noted that 
studies on movement and music pedagogy have primarily focused on education at 
preschool and primary school level. Abril (2011) admitted that there seems to be a notion 
that movement is more valuable in pre-secondary school general music classes than in 
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any other areas of music education and sees movement's "untapped potential" as a 
teaching tool for adolescents and adults (p. 117). 
Beat Competency and Rhythm Pattern Imitation 
In discussing how people perceive, perform, and organize rhythms, Large (2008) 
stated, "With few exceptions, even the most complex rhythmic interactions are organized 
around a fundamental frequency called a pulse" (p. 190) and, "Pulse provides a stable, 
dynamic referent with respect to which a complex musical rhythm is experienced" (p. 
192). Drake and Bertrand (2003) concurred, stating, "From a rhythmic point of view, 
both our 'classical' and 'popular' musics are dominated by relatively simple rhythmic 
structures, organized around a regular beat, with binary or ternary multiplications and 
subdivisions of this beat" (p. 22). Cross (2003) suggested that the presence of a pulse in 
music is a universal phenomenon. It has been suggested that the ability to entrain to the 
pulse in music is unique to the human species (Clayton, Sager, & Will, 2005). This 
ability has been referred to as beat competency, which Rose (1995) defined as "the ability 
to maintain a steady beat through the synchronization of bodily movements with a 
musical stimulus" (p. 38). As part of the current study, the beat competency of music 
students2 is compared to that of dance students. 
Rhythm pattern imitation, a fundamental skill contributing to overall music ability 
(Judd, 1988), is a more complex skill that some researchers have suggested develops 
subsequent to beat competency (Cox, 1977; Gardner, 1971; Mainwaring, 1931; Povel & 
2Note that for this study the term "music students" only refers to instrumentalists as voice students 
were not included as participants. 
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Essens, 1985). Osburn (1981) stated, "There are many areas of rhythm perception and 
rhythm performance which have received scant investigation by researchers. One of these 
areas is the ability of children to replicate rhythmic patterns presented aurally'' (p. 1). 
This skill, defined by this researcher as the ability to repeat an aural, rhythmic cue with 
both rhythmic and temporal accuracy, is also explored as part of the current study. 
Crollick (2005) contended that future research in the area of beat competency and 
rhythm pattern imitation should include investigations "in different populations and in 
different areas of musical training" (p. 69). Crollick's study focused on the contribution 
of athletics to beat competency and rhythm pattern imitation; therefore, Crollick 
suggested that future researchers investigate individuals who participate in different types 
of sports and in rhythm activities engaged in during physical education classes. As the 
rhythmic abilities of dance students have yet to be studied, Crollick's (2005) suggestion 
of investigating rhythmic ability in different populations is fulfilled by the current study. 
In addition, dance, which the present study examines, appears often in physical education 
curricula (Bonbright, 1999) and therefore may be the type of rhythmic activity to which 
Crollick was referring when suggesting that future researchers investigate the effect of 
"rhythmic activities in various physical education classes" on rhythmic ability (p. 69). 
The aforementioned studies ofbeat competency and rhythm pattern imitation 
differ from the present study in that the measures of perception were purely cognitive and 
did not include a performance component. It has been suggested that performance is a 
better indication of overall rhythmic ability than cognitive tests (e.g., Barrett & Barker, 
1973; Douglass, 1977; Elliott, 1995; Fowler, 1966). The current study measures 
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performance rather than solely perception and studies have indicated that these two tasks 
are not necessarily correlated (Douglass, 1977; Thackray, 1969). 
Teaching Modalities 
Persellin (1992) suggested that music educators require different pedagogical 
devices to which to turn in order to make an impact on the abilities of all their students. 
This suggestion is in line with Gardner (1983) who contended that the strength of various 
cognitive abilities in people can vary from person to person. Considering Gardner's 
argument, the efficacy of any one teaching modality may vary from student to student. 
Persellin (1992) saw a need for multiple teaching modalities in the classroom stating: 
Most music educators do not have the option of determining children's learning 
modality preferences and then dividing children into groups according to these 
preferences. Most music classrooms have children with many different learning 
preferences, and it is up to the teacher to teach effectively to all children (p. 309) 
... If teachers incorporate multiple learning modalities into their teaching style, it 
is possible that music education could be more effective (p. 314). 
Considering learning modalities and the hypothesis that different instruments are 
taught in different ways, past studies investigating the effect of instrument type on 
rhythmic ability have been undertaken. These studies have yielded disparate results. 
Results of Crollick (2005) suggested that the instrument a music student plays has no 
effect on that individual's beat competency or rhythm pattern imitation skills, while 
results of Flohr and Meeuwsen (2001) showed that, statistically, percussionists scored 
significantly better than performers of other instruments on tests of beat competency and 
rhythm pattern imitation. As part of the current study, this relationship is explored. In 
addition, the impact ofthe style of dance studied is investigated. 
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Purpose 
Large (2008) equated rhythm with "the organization of events in time" (p. 191). 
Drake and Bertrand (2003) stated that not just rhythm, but music has been defined as "the 
art of organizing events in time" (p. 22). These definitions suggest that rhythm is a 
significant, if not essential, element of music. Indeed, in much of Africa, nonmetric 
performances are not thought of as "music" because they do not feature music's temporal 
and rhythmic characteristics (Arom, 2000). Rhythm's significance to music has also been 
noted by educators. W. H. Hadow wrote in 1920, "One ofthe most important factors in 
musical education is the training and development of a sense of Rhythm" (as cited in 
Jaques-Dalcroze, 192111973, p. vi) and Osburn (1981) insisted, "No music educator will 
question the importance of rhythm in the development of musical learning" (p. 1 ). 
According to Cooper and Meyer (1960), however, "the study ofthis aspect of music has 
been almost totally neglected in the formal training of musicians since the Renaissance" 
(p. v). Cooper and Meyer cited the numerous textbooks on counterpoint and harmony and 
the dearth of textbooks on rhythm as evidence of Western music education's near 
disregard of this essential musical element. They stated that one of their intents in writing 
a book that addressed rhythm was to elicit "further study of rhythm and better, more 
comprehensive texts" (p. v). Gordon's (2000) impetus for writing a book devoted to 
rhythm was the realization that many views on rhythm had received little attention from 
the music education community. Dalcroze also recognized the importance of rhythm 
pedagogy believing that all musical deficiency was revealed in rhythmic deficiency, and 
that rhythmic deficiency manifests itself in, among other things, the inability to keep a 
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steady tempo (Bachmann, 1991). 
Researchers have shown that rhythm performance, including beat competency and 
rhythm pattern imitation, has continued to be problematic for music students since 
Cooper and Meyer drew attention to the issue in 1960 (see Kuhn & Gates, 1975; Major, 
1982; Ellis, 1992; Rohwer, 1998, McCready, 2005). Researchers have suggested that 
future investigations of beat competency and rhythm pattern imitation should (1) focus on 
older participants or participants with a greater amount of experience and training (Abril, 
2011; Rohwer, 1998; Schleuter & Schleuter, 1985), (2) examine the effect of specific 
movement activities on rhythmic abilities (Abril, 2011; Crollick, 2005), (3) use a more 
precise measurement tool (Ellis, 1992; Grieshaber, 1987, Osburn, 1981), (4) utilize an 
instrument that allows students to proceed at their own pace (Osburn, 1981), and (5) 
examine rhythmic abilities "within more 'musical' contexts, using actual music examples 
as stimuli" (Duke, Geringer, & Madsen, 1991, p. 45). The current study satisfies the 
recommendations of these past researchers by drawing participants from high schools and 
requiring them to have at least two years of instruction in their discipline (either music or 
dance), by measuring the impact of dance training on the rhythmic abilities ofbeat 
competency and rhythm pattern imitation, and by using the Rhythm Performance Test-
Revised (RPT-R) computer program developed by Flohr in 1998, which measures 
inaccuracy to the millisecond, allows participants to proceed through the testing at their 
own pace, and examines rhythmic abilities through a performance based assessment 
rather than a cognitive based assessment, as the measurement instrument. 
Rose (1995) stated, "It is imperative that music educators continue to seek an 
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understanding of beat competency as well as develop effective methods for teaching this 
fundamental rhythmic skill based upon research findings" (p. 87). Similar to the present 
study, Rose's study researched movement as a potential method of improving a student's 
beat competency; however, while Rose investigated the effect of Dalcroze eurhythmics 
specifically, the present study investigates the study of dance. 
If it is shown that individuals can acquire rhythmic skills through dancing, the use 
of movement and dance as methods of improving rhythm performance will be further 
supported and music educators will have one more pedagogical option while helping 
students achieve their goals; therefore, the primary purpose of this study is to compare 
the impact of dance training to that of music training in the development of the rhythmic 
abilities of beat competency and rhythm pattern imitation. Secondary purposes are to 
determine if the amount of instrumental music instruction or dance instruction impacts 
the beat competency and rhythm pattern imitation ability ofhigh school students and if 
the type of instrument or style of dance studied impacts the beat competency or rhythm 
pattern imitation ability of high school students. 
The research questions addressed in this study are as follows : 
1. To what extent, if any, do instrumental music instruction and dance 
instruction impact the beat competency and rhythm pattern imitation 
ability of high school students? 
2. To what extent, if any, does the amount of instrumental music instruction 
or dance instruction impact the beat competency and rhythm pattern 
imitation ability ofhigh school students? 
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3. To what extent, if any, does instrument type studied (strings, woodwinds, 
brass, percussion) or dance style studied (ballet, tap, modem, jazz, salsa, 
etc.) impact the beat competency and rhythm pattern imitation ability of 
high school students? 
The null hypotheses guiding this study were as follows: 
1. There is no statistically significant difference in the beat competency of 
high school students who have received instrumental music instruction 
and those who have received dance instruction. 
2. There is no statistically significant difference in the rhythm pattern 
imitation ability of high school students who have received instrumental 
music instruction and those who have received dance instruction. 
3. The beat competency of high school instrumental music students is not 
affected by the amount of instrumental music instruction received. 
4. The rhythm pattern imitation ability of high school instrumental music 
students is not affected by the amount of instrumental music instruction 
received. 
5. The beat competency of high school dance students is not affected by the 
amount of dance instruction received. 
6. The rhythm pattern imitation ability of high school dance students is not 
affected by the amount of dance instruction received. 
7. The beat competency of high school instrumental music students is not 
affected by instrument type studied (strings, woodwinds, brass, 
percussion). 
8. The rhythm pattern imitation ability of high school instrumental music 
students is not affected by instrument type studied (strings, woodwinds, 
brass, percussion). 
9. The beat competency of high school dance students is not affected by 
dance style studied (ballet, tap, modem, jazz, salsa, etc.). 
10. The rhythm pattern imitation ability ofhigh school dance students is not 
affected by dance style studied (ballet, tap, modem, jazz, salsa, etc.). 
Rationale 
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In discussing the ability of listeners to understand complex music, Meyer (1967) 
wrote, "The habits and dispositions which facilitate perception and make communication 
possible are acquired not with one, two, or perhaps even a hundred encounters with a 
particular style or style-class, but become part of our very being through countless 
experiences that begin in infancy" (p. 287). Bowman (2004) emphasized the importance 
of bodily experience, specifically in music education, and the cross-modal connections of 
different human experiences. According to Bowman (2004), "The human capacity to use 
experience from one domain to make sense of another is an extraordinarily potent 
cognitive resource" (pp. 30-31 ). Bowman noted that connections between bodily and 
perceptual experiences are constructed as music is experienced and suggested that the 
ability to comprehend and engage in musical movement is enhanced by a previous 
similar experience: "Music's gestures are not representations of motion; they arise from 
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and consist in the (re)experience of actual, lived motion, through cross-modal resonance" 
(p. 41 ). Bowman stressed the importance of experience with music, but also advocated 
the importance of experience outside the musical realm, especially in "patterns of other 
embodied experience" (p. 42). Many researchers have explored the effects of movement 
on a person's beat competency and rhythm pattern imitation, but the present study builds 
upon them in several ways. 
Both Meyer (1967) and Bowman (2004) advocated learning through multiple 
experiences. Bowman specifically suggested looking beyond conventional music 
pedagogy to varied embodied experiences as a way of truly acquiring musical abilities. 
As Fowler (1966) stated, "In music, the teacher knows a child understands a concept, not 
when he [sic] can tell it, but when he can show it, perform it, or apply his knowledge in a 
new situation" (p. 134). These beliefs support the hypothesis that the study of dance 
might be an effective form of rhythm pedagogy. Past studies that have examined 
rhythmic abilities and the effect of movement training on these abilities, have been 
limited, however, by imprecise or incomplete testing instruments, group testing allowing 
for peer imitation or involuntary synchronicity, confounding variables present in the test 
items, and incomplete isolation of variables. The current study seeks to improve upon 
these limitations. 
Delimitations 
For this study, participants were considered to have instrumental music 
experience if they had ever taken instrumental music lessons or played an instrument 
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with a performing ensemble such as school bands or orchestras, youth orchestras or 
community bands, or any other instrumental music group. Participants were considered to 
have dance experience if they had ever received private or group dance instruction. Any 
effect from experiences in music and dance outside of these definitions, such as 
participation in chorus, general music activities, or social dancing, were beyond the scope 
this study. 
Summary 
The variety of studies that have been undertaken as endeavors to measure beat 
competency and rhythm pattern imitation points to the importance the music education 
community affords these abilities. Movement has long been suggested as a conduit to 
proficient rhythmic ability, but although the contribution of various forms of movement 
have been tested, such as pulse oriented movement (McCoy, 1986; Rohwer, 1989), 
Dalcroze eurhythmics (Rose, 1995), Orff instructional techniques (yV omack, 2008), 
techniques based the teaching of Laban (Jordan, 1986), and participation in sports 
(Crollick, 2005), none have specifically compared the rhythmic abilities of high school 
music students and high school dance students. The present study not only focuses on the 
contribution of dance to rhythmic ability, but improves upon past studies by featuring 
individual testing, various tempi and rhythmic patterns, and a more precise instrument of 
measurement. It investigates the possibility that participation in dance can improve 
rhythmic performance and can thereby be considered a form of music education and a 






The primary purpose of this study was to compare the impact of dance training to 
that of music training in the development of the rhythmic abilities ofbeat competency 
and rhythm pattern imitation. Secondary purposes were to determine if the amount of 
instrumental music instruction or dance instruction, or the type of instrument or style of 
dance studied, impacts the beat competency and rhythm pattern imitation ability of high 
school students. 
For over a century it has been believed that musical rhythm can be improved 
through the study of and success in rhythmic dance (MeN, 1912; Shehan, 1984; Iyer, 
1998). Studies have suggested that musical rhythms are often problematic for music 
students (see Kuhn & Gates, 1975; Major, 1982; Ellis, 1992; Rohwer, 1998, McCready, 
2005), so it is not surprising that music educators would look to other disciplines for 
ideas to improve the rhythmic ability of their students. In this chapter, the study of 
rhythm in both music education and dance education will be discussed, as will studies 
examining beat competency and rhythm pattern imitation. 
Dalcroze (1921/1973), Orff(1976/1978), Kodaly (Landis & Carder, 1972) and 
Gordon (2000) all strongly advocated the use of movement .in the music classroom. Thus, 
studies examining the efficacy of movement as a tool for improving rhythm will be 
reviewed. An analysis of studies that measure beat competency and rhythm pattern 
imitation will conclude this chapter. 
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Rhythm in Music Education 
"Of the numerous instructional approaches employed in the elementary music 
classroom today, some are familiar and, couched in traditions, have stood the test of time 
and experience" (Shehan, 1986, p. 26). This statement appears in the introduction to 
Patricia Shehan's article outlining the major approaches to music education. This article 
focused on the contributions of Emile Jaques-Dalcroze, Carl Orff, Zoltan Kodaly, 
Shinichi Suzuki, and Edwin Gordon. These are names that are easily recognized by 
teachers of Western music and it is not difficult to find a music teacher who employs one 
or more of the methods developed by these theorists. Each of these individuals had a 
different philosophy of how best to educate students in music, but they all agreed that 
rhythm education is essential to music aptitude and should happen early in a child's life. 
The first section of this chapter will highlight the philosophies of four of these music 
education icons specifically concerning rhythm pedagogy. Because Suzuki's methods 
have received much more attention in the private studio than in the classroom, Suzuki's 
philosophy will not be discussed. 
For many years as a teacher, Dalcroze observed students struggling to perform 
rhythms accurately. This motivated Dalcroze to develop a new system of music pedagogy 
that focused on the development of rhythmic ability. Dalcroze (1921/1973) considered 
rhythm the most fundamental element of music, and therefore felt rhythm should be the 
primary focus in early music education. Orff agreed with this philosophy, and believed 
that the development of musical ability in a child paralleled the development of musical 
ability in humankind. According to Orff (1976/1978), the most primitive and innate 
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musical notions are rhythmic in nature; therefore, Orff suggested that rhythm education is 
the most logical basis for early music education. Kodaly also espoused the idea that a 
child's music education should reenact the development of musical ability in humankind, 
specifically in the child's own culture. Kodaly, however, put less emphasis on rhythm 
pedagogy as the primary arm of music education. Instead, Kodaly suggested that, 
because movement and singing are naturally simultaneous activities for children, 
rhythmic and tonal studies should share focus at the beginning of a child's musical 
education (Landis & Carder, 1972). Edwin Gordon (1984) also advocated informal 
rhythm and tonal instruction early in a child's music education. Although Gordon did not 
state that rhythmic training should precede tonal training, Gordon did acknowledge the 
importance of rhythmic aptitude in achieving high overall music ability contending that 
high overall music achievement is dependent upon high rhythmic aptitude but is not 
dependent upon high tonal aptitude. Gordon also suggested that instrumental instruction 
should begin with rhythm patterns as opposed to tonal patterns. 
These beliefs support the hypothesis that dance training may be an effective form 
of rhythm pedagogy. Because dance students concentrate on rhythmic movements 
without having their attention averted by the need for accurate tonal production, they are 
conceivably placing rhythm at the forefront of their study. In addition, dance students are 
physically participating in rhythm, which Bowman (2004) suggests may be the best 
avenue for obtaining rhythmic skills. Bowman asserts that "the entire range of musical 
action is grounded in the body'' (p. 38) and cites past research that suggests that the 
perception of rhythm is dependent upon the stimulation of the same parts of the nervous 
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system that are involved in physical movement. According to Bowman, the experience of 
bodily motion is essential for the perception and performance of rhythm and hypothesizes 
that when musicians perform rhythms they are (re)experiencing past bodily movements. 
Much has been written about the advantages of embodied learning (e.g., Bresler, 
2004; Elliott, 1995; Juntunen & Hyvonen, 2004). Juntunen and Hyvonen (2004) 
specifically compared Merleau-Ponty's philosophy to Dalcroze's approach to music 
education and argued that "the body is a primary mode of knowing'' (p. 200). Merleau-
Ponty (1945/1962) advocated learning about the world through physical experience-
through participation in experiences. Dalcroze, Orff, Kodaly, and Gordon all considered 
music education to be participatory. Dalcroze (192111973) wrote, "Musical 
consciousness is the result of physical experience" (p. 39), and, "Participation is the only 
effective way of learning [music]" (Landis & Carder, 1972, p. 11). Orff also advocated 
musical performance preceding an understanding of music theory (Hall, 1960) suggesting 
immediate use of specially designed percussion instruments as an aid in participatory 
instruction (Orff, 1976/1978). Gordon (1984) also advocated the playing of percussion 
instruments as part of a young child's musical education. 
Contrarily, Dalcroze insisted that instrumental study should be preceded by 
rhythmic movement and ear training. Even though piano improvisation was an important 
part ofDalcroze's teaching, Dalcroze contended that a student must learn basic musical 
concepts before learning the piano (Landis & Carder, 1972). According to Dalcroze, "It is 
veritable nonsense to have a child begin the study of instrumental music before he [sic] 
has manifested, either naturally or by training, some knowledge of rhythm and tone" (as 
cited in Landis & Carder, 1972, p. 10). Kodaly also felt that instrumental instruction 
should be preceded by more rudimentary music instruction (Winters, 1970). 
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Dance represents a way for one to participate in music, to have physical 
experience with music, and to gain knowledge of rhythm prior to tackling the technical 
difficulties of the mechanical instrument. Dance students are also free from concerns of 
reading music, which is so often a focus in rudimentary music lessons (Petzold, 1969; 
Shehan, 1987) but against which Kodaly (Landis and Carder, 1972) and Gordon (1984) 
have warned. 
One of the major tenets ofKodaly's philosophy is that music literacy should be 
the primary goal of music education (Winters, 1970). Kodaly (1964) stated that "no 
musical knowledge of any kind can be acquired without the reading of music" (as cited in 
Landis and Carder, 1972, p. 44) and advocated the use of special notational symbols, 
such as stems-only notation, in the early stages of instruction. Kodaly did not, however, 
insist that notation be taught from the onset of music instruction. Kodaly likened the 
reading of music to the reading of language. Children are taught to read language after 
they can speak language; therefore, Kodaly believed children should be taught to read 
music only after they have performed music. In both cases, the student learning to read is 
being shown a visual representation of a concept they already understand. Kodaly 
realized that students need a vocabulary of rhythmic and melodic motives before they 
will excel at reading (Landis & Carder, 1972). This vocabulary, learned "through a 
variety of experiences" (p. 46), would need to be thoroughly familiar to the student 
before a high level ofliteracy can be achieved. Petzold (1969) made the same assertion 
concluding that a "major source of music reading difficulty might be traced to an 
inadequate aural understanding of the musical sounds represented by the symbols" (p. 
83). 
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Gordon (1984) also suggested that music students should acquire a musical 
vocabulary prior to attempting to read musical notation. Gordon stated "the ability to read 
music or understand music theory is unnecessary in order to achieve at the verbal 
association level oflearning" (p. 252). This is witnessed in many cultures throughout the 
world where music is learned solely by oral tradition. Willoughby (2007) wrote in The 
World of Music, ''Notation is not music; it is only symbols. The symbols do not become 
music until a performer transforms them into sound" (p. 31). Gordon (1984) thought of 
meter and rhythm as being distinctly different elements of music contending that meter is 
determined by the ''kinetic response" (p. 113) to the music while rhythm is defined by 
notational organization. Gordon described problems encountered when comparing how 
meter is felt by a musician and how rhythms are organized through notation. 
In dance pedagogy, rhythms are presented and performed without a reliance on 
notation. Dance students are asked to feel rhythm and reproduce rhythm without the 
necessity of knowing what the rhythm looks like on the page. Dance education also 
emphasizes the kinetic response to music and allows the participants to feel meter 
without having to decode time signatures. This potential for dance to aid in the teaching 
and learning of rhythm has been documented as early as 1912 (see MeN, 1912) and is 
being explored empirically in this present study. 
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Rhythm in Dance Education 
In a report on a newly established school for the teaching of English folk-dancing 
and singing, MeN (1912) offered an answer to the question, "What was the ultimate value 
of the study of folk-dancing?" MeN (1912) stated, "There are, I imagine, many answers 
to this question, but one would be, from the musical educationist, that it developed in a 
remarkable degree the sense of rhythm - a faculty so often allowed to lie dormant in this 
country'' (p. 602). Shehan (1984) supported the inclusion of dance in the music classroom 
as "a means for teaching rhythm and meter," but admitted that dance's pedagogical 
potential has "largely been neglected by music specialists" (p. 84). 
Many articles have been written in support of dance education, but the vast 
majority of these articles are geared towards defending the need for dance education in 
the school system (e.g., Bonbright, 1999; Bonbright, 2000; Hilsendager, 1990; Seitz, 
2002). This is not surprising. Carter (1984) indicated, " ... the state of dance in American 
education suffers from the same limits common to other ' special subjects,' such as art, 
music, and physical education. Since it is not a high priority in the curriculum, dance is 
among the first to feel the impact of economic constraint" (p. 295). 
Articles defending the importance of dance education seem to focus on the 
cognitive effect of participating in dance rather than the performance skills achieved 
(e.g., Barr & Lewin, 1994; Drake, 1964; Hanna, 2008; Seitz, 2002). Bonbright (1999) 
specified dance's "inherent ability to effectively bridge the creative and the theoretical" 
and to "connect the body and mind" as the cornerstone of the future of dance education 
(p. 37). Bonbright highlighted the dearth of dance education research indicating that "the 
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field has little descriptive research to share with arts education professionals and federal 
and state administrators" (p. 36). No empirical studies investigating the advantages of 
dance specifically in fostering rhythmic ability were found by this researcher. This dearth 
of information may partially be due to the fact that, because the field of dance requires a 
considerable amount of rigorous training, many dancers do not view formal education as 
a necessity (Bureau of Labor Statistics, 2011). This may result in fewer participants in the 
field of dance researching dance' s merits as part of their schooling. Dance, however, was 
advocated as a means of acquiring rhythmic ability by Dalcroze (1921 /1973) and Orff 
(1976/1978) particularly because dance is a form of physical movement. 
Movement and Rhythmic Ability 
The most recognized commonality among [the approaches ofDalcroze, Orff, and 
Kodruy] is the view that rhythm, in the broadest sense of the word, is the 
fundamental element of musical training and understanding ... Paired with this 
emphasis on rhythm is the belief that, to be fully understood, rhythm, of any kind, 
must be physically internalized. (Wis, 1993, p. 160) 
One of the major tenets ofDalcroze's philosophy is that rhythm is movement 
(1921 /1973). Dalcroze believed that a mastery of rhythm is dependent upon a physical 
command over one' s body, stating, "Defects in musical rhythmic expression are 
invariably results of physical defects in the musician" (p. 40). Dalcroze espoused the idea 
that musical education needs to begin with physical education and believed rhythm 
pedagogy must include movement ofthe entire body. According to Dalcroze, "A training 
ofthe whole body is required to create rhythmic feeling" (p. 38). Believing that rhythmic 
movement was the only avenue that would lead to physical command of one 's body and 
therefore rhythmic perfection, Dalcroze advocated the use of movement exercises as a 
precursor to music education. 
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The importance of movement in music education was also espoused by Orff, 
Kodaly, and Gordon. Orff (1976/1978) believed that movement was a conduit through 
which musical concepts such as rhythm and form could be experienced. Kodcily did not 
view movement as a central element in music education, but did consider it to be an 
important tool used to reinforce musical training early in the child's studies (Landis & 
Carder, 1972). Gordon (1984) viewed movement as a necessity and wrote, "The young 
child must himself engage in movement activities" (p. 28). Gordon suggested that 
movement activities can occur with or without musical accompaniment. To Gordon, it is 
mostly important that movement be a part of a child's life if high music achievement is to 
be reached. Gordon (1984) wrote, "Meter should be 'felt' but not 'heard' by the listener" 
(p. 1 09). Although Gordon was referring to meter as the organization of rhythmic 
patterns as opposed to the rhythmic patterns themselves, the idea of feeling music is 
worthy of discussion. 
Music routinely causes people to move and entrain their bodies to the perceived 
pulse of the music (Large, 2000). Many parents and teachers witness this phenomenon as 
they watch children instinctively moving to music. This spontaneous dancing is one of 
the initial responses to music that convinced Orff (197 611978) that music education 
should begin with rhythm pedagogy, and it was after witnessing this instinctive 
movement in children that Dalcroze (1921/1973) designed an approach to music 
education desiring to help students express themselves and their reactions to music 
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through bodily movement. 
Dalcroze (1921/1973) believed that children perceive rhythm in relation to their 
own biological rhythms and contemplated how biological rhythms can be used to provide 
a pulse to which rhythms can be physically produced. Dalcroze believed that heartbeat, 
respiratory rate, and locomotion were obvious examples of biological rhythmic 
movement; however, Dalcroze dismissed heartbeat as a regulatory rhythmic pulse 
because it is involuntary. Respiratory rate could serve the purpose, but Dalcroze believed 
that locomotion, or "a regular gait," afforded the best measure of time and meter (p. 38). 
The human species' ability to entrain to music through bodily movement is well 
documented (see Large, 2000). Researchers have shown that the task oflistening to 
music and that ofbodily motion use the same neurological processes (Iyer, 1998) and that 
both the motor and auditory cortical areas of the human brain are engaged during musical 
activities (Palmer, 2006). These studies as well as those outlined below suggest that 
Dalcroze's ideas concerning the association of rhythmic performance and biological 
rhythms is not without merit and they support the use of movement exercises as a staple 
in music education curricula. Indeed, it has been suggested that movement exercises can 
have a variety of positive effects on an individual's music education. 
Movement activities in the music classroom have been linked to improved 
concentration (Wis, 1993), improved attitude (McCoy, 1986; Robinson & Winold, 1976), 
better interpretation of the conductor's gestures (Wis, 1993), improved musical memory 
(Taylor, 1989; Palmer, 2006), a looser and therefore more responsive body (Wis, 1993), 
and greater efficacy of the overall lesson (Wis, 1993). Indeed, the relationship between 
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movement and music has long been a topic of research. 
In a 19th century study of the perceptions of rhythmic groupings among adults 
with various degrees of musical training, Bolton (1894) noticed an "irresistible force" (p. 
90) that caused the subjects to move while listening to rhythms. Bolton further noticed 
that movement restrained in one muscle would very likely appear in another and that 
many of the participants found it difficult to resist moving to the rhythm when asked to 
refrain. Studies have since been undertaken to further explore the connection between 
music and movement and many of these studies have explored the effect of movement 
training on various aspects of rhythmic ability. Crollick (2005) noted that the connection 
between rhythmic ability and dance has not been researched in depth, thus, this present 
study builds upon past studies researching movement by comparing the effect of dance 
study, as a form of movement training, on the rhythmic abilities of beat competency and 
rhythm pattern imitation. 
Rhythmic Perception 
Rhythmic perception can be defined as the ability to recognize rhythmic traits, 
such as tempo, meter, and phrasing. Although some studies have suggested that 
movement training may positively affect rhythmic perception (e.g., Joseph, 1983; Moore; 
1984), Radocy and Boyle (1997) stated that "perceptual accuracy does not guarantee 
performance accuracy'' (p. 129). This latter assertion is supported by Thackray (1969) 
who did not find a significant correlation between rhythmic movement, rhythmic 
perception, and rhythmic performance in first year students. In Thackray's study, 
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rhythmic movement was judged on each subject's ability to represent rhythmic aspects of 
music through movement, such as adapting to changes in the rhythm, stepping the 
rhythms, and synchronizing to the music; rhythmic perception was judged on how well 
the subjects recognized rhythms, tempos, rests, accents, meter, and phrasing; and 
rhythmic performance was judged on assessments that included beat competency and 
rhythm pattern imitation. Results indicated a positive correlation between all three tested 
forms of rhythmic ability, but this correlation was very weak. Other studies have 
suggested that rhythmic movement does not contribute to achievement in rhythmic 
perception. 
Serafine (1975) measured "conservation of meter" as defmed as "the awareness of 
a steady musical pulse concomitant with changes in rhythmic pattern" (p. 2) in children 
ages four, five, seven, and nine. Subjects were administered movement training, 
consisting of large motor movements (clapping, foot tapping, marching, and the swinging 
of arms) synchronized to three different metronomic pulses. Subjects were asked to 
perform the first three motions (clapping, foot tapping, and marching) to musical 
selections. Subjects then listened to a rhythm set against a steady pulse. The rhythms 
changed (by appearing in either diminution or augmentation) while the pulse remained 
constant. The participants were then asked if the pulse changed. Results indicated that the 
movement training had no statistical significance in improving subjects' awareness of the 
pulse. Serafine's study suggested that rhythmic perception may not be improved by 
movement training; however, Serafine's study differs from the present study in that it 
measured perception as opposed to performance. 
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In another study that suggested that movement training does not positively affect 
rhythmic perception, Womack (2008) compared the effects of Orff instructional 
techniques, which included movement activities, to that of conventional music instruction 
on the pitch, interval, and meter discrimination abilities of third, fourth, and fifth grade 
students. The meter discrimination test measured each subject's ability to discern whether 
a musical example featured duple or triple meter. Results indicated that the group 
participating in the movement activities did not perform better on this task than the group 
receiving conventional music instruction. Womack's study parallels McCoy (1986) who 
observed no difference between the treatment and control groups in.a study of the effect 
of movement training on the ability ofhigh school students to recognize duple and triple 
meter. 
Other studies that incorporated a rhythm perception measurement include Jordan 
(1986) and Rohwer (1998). Jordan tested the rhythm discrimination abilities of 129 high 
school students. Subjects heard two rhythms and then were asked to decide ifthose 
rhythms were identical. Jordan observed no treatment effect. Rohwer measured the effect 
of movement training on beginning instrumentalists' ability to recognize increases and 
decreases in tempo. Again, the treatment group showed no significant effect. Results of 
these studies suggest that movement training does not improve one's rhythmic 
perception. Although Thackray's (1969) results did not point to any strong correlation 
between rhythmic movement, rhythmic performance, and rhythmic perception, those 
results did suggest that rhythmic movement has a greater effect on beat competency and 
rhythm pattern imitation than on rhythmic perception. 
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Beat Competency 
It has been suggested that an accurate performance of rhythms is dependent upon 
an awareness of pulse and meter (Large, 2008). Po vel and Essens (1985) theorized that 
listeners establish an "internal clock" while experiencing temporal patterns. This clock 
provides the pulse to which all subsequent patterns are referred. The accents and 
construction of the initial heard rhythm determine the tempo of the clock. Po vel and 
Essens engaged in three experiments as part of their study to test this theory. Results 
indicated that rhythms are more easily understood, and therefore can more easily be 
reproduced, when the rhythms readily induce an internal clock, that is, when the pulse is 
easily deduced from the rhythm. Rhythms that are not syncopated and that have accents 
at regular intervals are considered to be rhythms that easily induce an internal clock, 
while syncopated rhythms with irregular accents may seem random to the listener and 
therefore will not as readily suggest an internal clock. Results further indicated that 
rhythms are more easily understood and remembered when the underlying pulse is 
provided (rather than having to be deduced). The researchers claimed that the latter 
finding "gives additional support to the hypothesis that the presence of an internal clock 
is a necessary condition for an accurate internal representation [ofheard rhythms]" (p. 
429). The present study applies this hypothesis to its examination of dance study as a 
means of rhythmic training. 
Povel and Essens's study helped to illustrate the importance of the establishment 
of an internal clock for decoding rhythms and ultimately performing rhythms accurately, 
but it did not seek to suggest ways to ensure that the internal clock remain consistent and 
unwavering. Participants in Povel and Essens's study were undergraduate and graduate 
psychology students. Past training in either music or movement was not a concern of 
those researchers. The present study seeks to examine movement as a way of 
strengthening this internal clock. 
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Milford (2002) explored strengthening the internal clock through training in an 
examination of sight reading ability in beginning instrumental music students. Subjects 
received rhythm reading training during which rhythms were presented either with an 
aural pulse, a visual pulse, or a tactile pulse. The object of the study was to compare the 
efficacy of these three forms of metronomic stimulus in helping students to understand 
and ultimately sight-read rhythms. Results indicated that, statistically, all participants 
significantly improved regardless of the mode of pulse stimulus. Milford suggested that 
the presence ofthe pulse during instruction most likely contributed to the improved post-
test scores although Milford did admit that maturation could have been a confounding 
factor. 
Povel and Essens (1985) and Milford (2002) suggested that a perceptible pulse 
during instruction may contribute to a better internalized pulse and better rhythmic skills 
respectively. One way that dance instruction differs from music instruction, the question 
under examination in this present study, is that during dance instruction students are 
generally being provided the pulse while during music instruction the students are 
generally the ones producing the pulse. If these researchers are correct in their suggestion 
that the internalization of a steady pulse facilitates certain rhythmic abilities, then a strong 
internal pulse will manifest itself in strong results on the current study's measures. This 
study may therefore offer insight into the impact of movement training and music 
training in helping to establish the internalization of pulse. 
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According to Large (2008), "Pulse is a stable, endogenous periodicity that 
exhibits a generalized form of synchrony with complex rhythmic patterns" (p. 194). 
"Pulse is induced in response to a periodic rhythm, it stabilizes, and when the stimulus 
rhythm ceases it persists, in the form of rhythmic motor behavior" (p. 195). Rhythmic 
synchronization has been described as a "skill that is distinct from the mere perception, 
production, or reproduction of rhythms" (Judd, 1988, p. 147). This "ability to maintain a 
steady [pulse] through the synchronization ofbodily movements with a musical stimulus" 
is referred to as beat competency (Rose, 1995, p. 38; see also Kuhlman & Schweinhart, 
1999), but has also been referred to as "tempo accuracy" (Ellis, 1992; Kuhn & Gates, 
1975), "tempo steadiness" (McCoy 1986), "steady beat performance" (O'Dell, 2007), and 
"synchronization" (Rohwer, 1998, Large, 2008; Meeuwsen, Flohr, & Fink, 1998; Repp, 
2006). 
Studies have suggested that beat competency must be obtained for rhythmic 
accuracy to be achieved (Gardner, 1971; Povel & Essens, 1985). Petzold (1966) 
contended that children develop the ability to synchronize with a steady pulse by Grade 
3. Although Petzold suggested that this ability plateaus at Grade 3, other studies have 
indicated that this ability increases with age beyond the third grade (Cox, 1977; Osburn, 
1981 ). It has been noted, however, that isolating the variables of age and training is 
difficult (Ellis, 1992; Metz, 1989). 
In a study that measured the beat competency of 80 elementary students in Grades 
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3-6, Ellis (1992) asked participants to tap a specified tempo for eight beats and measured 
the "accuracy of tempo" and "steadiness of tempo" of each response. Accuracy of tempo 
was determined by measuring the elapsed time between first and last strokes and 
comparing it to what the time would have been in a perfect performance. "Steadiness of 
tempo" was .determined by comparing the placement of each individual keystroke to what 
a perfect placement would have been. Ellis observed that accuracy scores were positively 
correlated to both grade level and training while steadiness scores were only positively 
correlated to grade level and showed no significant correlation to training. 
Kuhn and Gates (1975), however, observed no significant differences among the 
age groups of participants in a study of the effects of age on beat competency. They 
studied 72 subjects drawn from six age groups: Grades 1-2, 3-4, 5-6, 7-9, 10-12, and 
college undergraduates. Subjects were asked to clap a notated rhythmic example while 
attempting to maintain a tempo of90 beats per minute (bpm). Beat competency was 
measured using a method similar to Ellis (1992). Kuhn and Gates observed a tendency 
for participants to increase their tempo during the task. 
This temporal increase may have been a result of an innate desire to keep time at a 
quicker tempo. Participants were asked to perform rhythms solely at 90 bpm; however, 
studies have suggested the existence of a "personal tempo" (see Sheldon, 1994, Walters, 
1983). "Personal tempo" has been defined as "an individual's tempo spontaneously 
initiated while maintaining a steady beat" (Rose, 1995, p. 47). Walters (1983) observed 
an average personal tempo of 115 bpm among participants. Results indicated that only 
those participants with personal tempi close to 115 bpm performed best at 115 bpm. 
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Walters suggested that the further a tempo is from one's personal tempo, the more 
difficult it is for that person to maintain a steady beat at that tempo. It is possible that 
many of Kuhn and Gates's subjects had personal tempi greater than 90 bpm and were 
inadvertently drawn to this erroneous tempo. It has been observed that people, regardless 
of age or ability, demonstrate personal tempi between 75 and 200 bpm (see Drake & 
Bertrand, 2003). 
Considering Kuhn and Gates (1975) results, coupled with Petzold's (1966) 
findings of a plateau at Grade 3, there are indications that age will not be a factor in 
determining differences in beat competency scores in the present study. Ellis's (1992) 
results showed age effects beyond Grade 3, but Ellis did not measure subjects beyond 
Grade 6, and Cox (1977) suggested that the rhythmic competencies of older children 
"approach adult levels" (p. 25). For these reasons, and because the participants in the 
present study do not represent a wide range of ages (all subjects were between the ages of 
14 and 17 with only two participants being 14 years of age), age was not examined as a 
factor, nor considered to be a factor, in the present study. 
Studies ofbeat competency have revealed a wide array of traits. They have 
indicated that subjects tend to increase tempo as they attempt to maintain a steady pulse 
(Ellis, 1992; Kuhn & Gates, 1975, Osburn, 1981), that private lessons may improve beat 
competency (Ellis, 1992), that experience on certain instruments may affect beat 
competency (Flohr & Meeuwsen, 2001), and that beat competency and overall rhythmic 
ability may be positively correlated with school achievement (Drake, 1964; Kuhlman & 
Schweinhart, 1999). Some studies have focused on the effect of movement training on 
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beat competency and have shown that participation in movement may improve beat 
competency and overall rhythmic performance. The current study explores the effect of 
dance training on the beat competency of participants. 
Movement and Beat Competency 
Beat competency, as researched in the current study, is just one of many rhythmic 
abilities that may be positively affected by movement training. Researchers have shown 
the positive effect of movement on a variety of these rhythmic skills in subjects of a wide 
range of ages. Similar to the study by Povel and Essens (1985) discussed previously, 
Phillips-Silver and Trainor (2005) tested the effect of movement training on meter 
discrimination in 7 -month-old infants. Infants listened to a rhythmic pattern that could be 
interpreted as either duple or triple meter. They were bounced on either every second beat 
(to imply a duple meter pattern) or every third beat (to imply a triple meter pattern). They 
were then played the same rhythmic pattern but with accents that placed that rhythm in 
either duple or triple meter. The infants showed a preference for the rhythm that they 
recognized, that is, the rhythm played in the meter in which they were bounced. Infants 
then underwent the same procedure, except instead of being bounced so they could feel 
the meter each in their own body, the infants merely watched the researcher bounce the 
meter. In this case, no overwhelming preference was shown. 
Phillips-Silver and Trainor (2007) then engaged in a similar study that examined 
the effect of movement on meter discrimination in adults. In this study, participants were 
asked to bounce (by bending their knees) in either duple or triple meter while listening to 
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a rhythmic pattern. Again, this pattern was replayed in both an obvious duple meter and 
an obvious triple meter and participants were asked to choose which rhythm sounded 
familiar. Most participants recognized the rhythm played in the meter in which they 
bounced. 
Results of the latter two studies imply the necessity for participation in a 
corporeal sense of rhythm. Most relevant to the present research, the implication is that 
moving to a pulse, as a dance student does, is a more effective way to feel meter than 
watching a baton, as a music student often does. This is further supported by Sheldon 
(1994) who observed that subjects who listened to music while moving could more 
accurately detect tempo fluctuations than subjects who listened to music while watching a 
conductor. Results of these studies suggest that rhythmic movement facilitates 
achievement in rhythmic perception, but they did not address rhythmic performance. 
Participants were not asked to perform a rhythm, they were merely asked to recognize its 
traits. The present study measured a participant's ability to perform various rhythms as 
well as perform a steady pulse. 
One researcher who did examine the rhythmic ability of high school students is 
McCoy (1986). McCoy's study investigated the effect of movement training on 
performance, meter discrimination, and attitude among advanced and less-advanced high 
school choral ensembles. Participants engaged in different movements that emphasized 
the pulse in music including stepping the pulse, patting the pulse on the legs, snapping 
the fingers, swaying, and creating patterns of steps and claps to establish meter. Results 
for the advanced group indicated a statistically significant difference in beat competency 
in favor of the experimental group while results for the less-:-advanced group indicated a 
significant difference in beat competency in favor of the control group. 
35 
McCoy's study examined four ensembles from two different schools. It is 
important to note that different works were performed during the pretest and the posttest. 
Because the researcher could not employ the same pieces in both the pre- and posttests, 
many variables could have affected results. The researcher admitted that the pieces 
chosen for the experimental phase of the study proved to be too difficult for the 
experimental group of the less-advanced ensemble and attributed the better showing of 
the control group for that ensemble to this problem. Even though the present study did 
not employ a pretest/posttest design, one of its strengths was that the same piece of music 
was utilized for all aspects of the beat competency measure affording that measure 
consistency throughout the study. 
Another issue with the McCoy study is that the beat competency for each group 
was determined by raters based on videotapes of a performance. Using raters to 
determine beat competency is subjective and therefore problematic (Grieshaber, 1987). In 
addition, the scores assigned by the raters were indicative of the performance of each 
group and not of each individual performer. Results of a study by Flohr and Brown 
(1979) indicated that preschool and kindergarten children tend to imitate their peers when 
moving to music. If"rhythm is movement," as Dalcroze (192111973, p. 39) has asserted, 
then it is conceivable that the rhythmically weak members of each group could have 
performed more accurately merely because they were imitating the rhythmically strong. 
Conversely, the performance of rhythmically strong members could have been affected 
36 
by the rhythmically weak. This type of involuntary synchronization has been observed in 
numerous types of living organisms (see Pikovsky, Rosenblum, & Kurths, 2001). The 
present study tested participants individually, thereby eliminating any effect caused by 
peer imitation. 
Peer imitation was also a concern identified by Rohwer (1998). In addition to 
measuring steady beat perception as discussed earlier, Rohwer measured the effect of 
movement instruction on beginning instrumentalists' beat competency (which Rohwer 
referred to as "synchronization,") and performance steadiness. Seventy sixth-grade 
students were randomly assigned to treatment and control groups. The treatment group 
received movement instruction using "larger, fluid movements" while the control group 
participated in "traditional small movement experiences" (p. 417). For the beat 
competency measure, participants attempted to tap the pulse of three musical examples of 
varying tempos (60 bpm, 90 bpm, and 110 bpm) on a synthesizer keyboard. For the 
performance steadiness measure, participants performed melodies composed at 60 bpm, 
90 bpm, and 110 bpm on their instrument. Performances were analyzed by computer 
software and judged on steadiness oftempo. Statistically, the treatment group scored 
significantly higher on both the beat competency measure and the performance steadiness 
measure. 
The present study extends upon Rohwer's work. Rohwer's participants received 
20 ten-minute instructional sessions over a ten-week period. Rohwer stated that future 
research on beat competency should focus on long-term effects admitting that "musical 
growth is a complicated topic warranting many perspectives" (p. 423). Participants in the 
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present study had been involved in their respective training (music or dance) for at least 
two years. According to Row her's findings, this greater amount of training should result 
in a greater realized effect. 
Rose (1995) studied the effects of Dalcroze eurhythmics on the beat competency 
of primary school children. The experimental group consisted of three intact classes of 
kindergarten, first, and second grade children (n = 65); the control group consisted of 
three intact classes ofkindergarten, first, and second grade children (n = 61) from a 
different school. The experimental group received instruction in Dalcroze eurhythmics 
focusing on movement and the concepts of energy, space, weight, and balance along with 
conventional music instruction. The control group received only conventional music 
instruction. Both groups received the same amount of instruction per week during the 32 
week treatment period. For the pretest, participants clapped a steady beat to a musical 
selection with a tempo marking of 120 bpm. For the posttest, participants were asked to 
perform five activities (patting the knees, walking in place, playing rhythm sticks, 
marching, and patting and clapping) to musical cues played at four different tempi (120 
bpm, 130 bpm, 140 bpm, and a tempo chosen by the participant). Results indicated that 
the group receiving Dalcroze instruction scored significantly higher (p < .05) than the 
conventional instruction group on a composite score. 
The present study improves upon Rose's study in a number of ways. Rose 
indicated that the pretest was administered simultaneously to all the participants of each 
group. Similar to Rowher (1998), peer imitation and involuntary synchronicity are a 
concern for this testing procedure. Taking these factors into account, it is conceivable that 
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participants' performances may have affected each other on the pretest thereby skewing 
results. Rose's study was also limited by a pretest that measured beat competency at just 
a single tempo- 120 bpm. Rose acknowledged the existence of a personal tempo. As 
discussed previously, Walters (1983) suggested that beat competency will be most 
accurate if subjects are asked to synchronize with tempi close to their personal tempi. 
Because not all people have identical personal tempi (Drake & Bertrand, 2003), beat 
competency tests are more accurate if testing includes a range of tempi. Rose's posttest 
measured beat competency across different tempi, but it employed different melodies to 
represent the different tempi; therefore, any subject's inability to maintain a steady beat at 
a certain tempo could have been the effect of the construction of the melody rather than 
the effect of the subject's beat competency. 
O'Dell (2007) also tested beat competency over a range oftempi. O'Dell 
measured the effect of movement based instruction on the beat competency (which 
O'Dell referred to as "steady beat performance") of first-grade children. Statistically, the 
students who received movement-based instruction scored significantly higher on tests 
measuring beat competency. Similar to Rose (1995) and McCoy (1986), scoring was 
subjective. The researcher taped the participants' performances and then judged the 
accuracy of each performance. Participants were tested at four different tempi, but similar 
to Rose (1995) the performances of each of these tempi were accompanied by a different 
melody. 
O'Dell's study differed from other beat competency studies in that O'Dell 
utilized ''beat charts." These charts displayed four lines each containing four rectangles 
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for a total of 16 rectangles on the page. Although these charts may not be considered 
notation in the formal sense, they represent notation in that they drew the performer's 
attention away from the aural cue and towards the printed page. Researchers have shown 
that reading music and performing are two distinct tasks each controlled by a different 
part of the brain (Carroll-Phelan & Hampson, 1996). By using beat charts, O'Dell was 
essentially asking subjects to complete two different tasks simultaneously. It is 
conceivable that problems caused by the reading of the beat chart were manifested as 
problems with beat competency. For the current study, no visual representations are used. 
Another advantage to the present research is that it measured the beat competency 
of dance students who had been moving to music for at least two years, while O'Dell's 
subjects only participated in movement activities over an 8-week period. Although the 
current study did not employ a pretest-posttest design, the longer time the dance students 
spent moving to music should have given a better indication of movement' s effects. 
O'Dell admitted that a longer treatment period may have yielded more meaningful 
results. O'Dell states, "Ideally, the longer students pair movement with steady beat 
development, the stronger their awareness of the concept should be" (p. 38). 
In the study that shares the most similarities to the current study, Crollick (2005) 
compared the effects of significant athletic experience and formal music training on the 
beat competency of college students. One hundred participants were divided into groups 
based on music and sports involvement. The groups were defined as participants having 
both music training and sports experience (MS), music training but no sports experience 
(MNS), no music training but sports experience (NMS), and no music training and no 
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sports experience (NMNS). Participants were tested using the same instrument as the 
current study, the RPT -R. This computer-generated test measures beat competency by 
requiring participants to tap along to a melody presented at five different tempi, and 
rhythm pattern imitation by requiring participants to repeat 20 different rhythms 
presented by the computer. Subjects input data by tapping on the space bar of the 
computer keyboard. The RPT-R records in milliseconds the degree of error of each 
stroke. Results of the study indicated that participants with a combination of formal 
music training and athletic experience (MS) scored higher on the beat competency test 
than the other groups, though not significantly. Statistically, the group with neither music 
training nor sports experience (NMNS) scored significantly lower on the beat 
competency test than the other groups. 
All participants with significant music experience, defined as "at least five years 
formal music training on a brass, woodwind, or percussion instrument" (p. 34) were 
selected from a university marching band located in the southeastern United States. 
Crollick did not discuss the activities of this marching band, but marching bands have 
been recognized as athletic endeavors (see Hindsley, 1930; Isch, 1965). It has also been 
argued by Kursar et al. (1990), that the physical, rhythmic movements performed in 
marching bands aid in the development of beat competency. 
Four of the five schools from which participants were drawn for the present study 
do not offer marching band as an activity. The marching band of the fifth study school is 
a non-competing marching band that only performs once during the school year. 
According to the band's director, only 150 minutes per year are spent marching. None of 
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the music departments of the current studies' study schools offer rhythmic movement as a 
regular part of the curriculum. The lack of marching practice in the first four study 
schools and the minimal marching practice in the fifth study school coupled with the 
absence of regular rhythmic movement instruction limits the possibility that participation 
in these activities have affected the results of the current study. 
Rhythm Pattern Imitation 
Rhythm pattern imitation is a fundamental skill that has received little attention by 
researchers (Osburn; 1981). In other studies, the measurement of rhythm pattern imitation 
has been referred to as "rhythm performance" (Jordan, 1986), "echoing" (Rainbow, 
1981 ), "rhythm recall" (Persellin, 1992), "reproduction of rhythm patterns" (Rosenbusch 
& Gardner, 1968), and "duplication of rhythmic patterns" (Gardner 1971). 
Studies have investigated many possible factors other than rhythmic movement 
instruction contributing to rhythm pattern imitation including age and maturation (Cox, 
1977; Gardner, 1971; Osburn, 1981; Petzold, 1966; Rainbow, 1981; Rosenbusch & 
Gardner, 1968; Shehan, 1987), gender (Petzold, 1966; Schleuter & Schleuter, 1985), 
stimulus mode (Persellin, 1992; Petzold, 1966; Rosenbusch & Gardner, 1968; Shehan, 
1987), and composition of model (Gardner, 1971; Povel, 1981; Rosenbusch & Gardner, 
1968). A few of these studies have direct relevance to the current study. 
Petzold (1966) examined the rhythmic skills, including beat competency and 
rhythm pattern imitation, of subjects in grades 1-6. Subjects were asked to repeat rhythms 
presented as an aural cue, repeat the rhythm of a melodic line, repeat a melody by singing 
with rhythmic accuracy, tap the pulse of an orchestral excerpt, and tap along with a 
metronome. Two observations from Petzold's study are pertinent to the current study. 
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First, results of the rhythmic patterns test showed that there were few common 
errors, implying that an inability to perform the rhythm accurately was due to a lack of 
understanding or lack of retention of the pattern. This is in line with Gardner (1971) who 
concluded that patterns with fewer notes, with simpler constructions, and that appeared 
later in the test were easier to duplicate. Gardner explains this latter characteristic by 
suggesting that as the test progressed, subjects became more relaxed and more 
comfortable with the task. 
Second, Petzold concluded that one's ability to replicate an aural presentation of a 
rhythmic pattern plateaus at Grade 3. This conclusion was later supported by Thackray 
(1972) and Cox (1977). Because these researchers compared results to maturation and not 
training, their conclusions would seem to suggest that any difference observed between 
the scores of the music students and dance students in the present study would be as a 
result of experience rather than age. 
Osburn (1981) replicated both the Petzold (1966) and Thackray (1972) studies. 
For the Petzold replication, Osburn studied 166 participants ranging in grade level from 
Grade 1 to Grade 5. Participants listened to various prerecorded rhythms representing 
various meters and were instructed to repeat each rhythm directly after hearing it. These 
repetitions were captured on audiotape. The researcher and one additional rater listened 
to the recordings of the subjects' performances while examining a graph of those 
performances and scored the results. Data showed that contrary to both Petzold (1966) 
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and Thackray (1972), rhythm pattern imitation skills did not plateau but increased 
linearly from Grade 1 to Grade 5. This finding is in line with Rosenbusch and Gardner 
(1968) who observed fewer errors with increasing age oftheir subjects. Ages of the 
subjects in the Rosenbusch and Gardner study ranged from 5 to 13 years. Results of these 
studies suggest that maturation could be a confounding variable making conclusions 
concerning the affect of training difficult to deduce. 
The present study differed from Osburn's study in a few ways. First, Osburn 
indicated that there had been no formal music program at the study school for the two 
years leading up to the year the study took place, and that only 60% of the subjects were 
present at the school when a music program existed. Although Osburn indicated that 
"most, if not all" (p. 17) of the participants had a variety of musical experiences outside 
the school, there is no indication as to what these experiences were. The present study 
utilized older students who were at schools with strong arts programs. Four of the five 
study schools are arts magnet high schools while the fifth school, from which only music 
students were drawn, has an award winning and well-supported music program. The 
present study controlled for the quality and minimum amount of training each student had 
received. Although Osburn observed that rhythm pattern imitation skills increased as 
students moved from grade to grade, the study did not take training into account; 
therefore, the amount of variability in each student's past musical experience is unknown. 
The present research considered the effect of music training and dance training. 
Po vel (1981) investigated rhythm pattern imitation by college undergraduates 
both trained and untrained in music. A total of three experiments were conducted during 
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which subjects had to reproduce rhythms. Results of the first two experiments indicated 
that musical training did not affect the participants' rhythm pattern imitation and that all 
participants experienced difficulty in repeating the rhythms presented. Povel 
hypothesized that this result was due to the fact that many of the patterns presented were 
not common musical rhythms. For instance, the sequence of two notes with durations of 
200 and 800 ms respectively could be musically notated as an eighth note followed by a 
half note. This rhythmic pairing would be considered rare by most musicians. In 
experiment three, the researcher presented six rhythms that could more readily be found 
in musical examples. In this experiment, all participants, regardless of musical training, 
performed with more overall accuracy with a few exceptions. 
Povel (1981) noted that context played a big part in the ability of participants to 
correctly reproduce the patterns. Patterns were made easier by repeating the short note 
enough times that the combined durations equaled that of the long note. In other words, it 
is more difficult to reproduce a repeating pattern consisting of one eighth note and one 
half note than it is to reproduce a repeating pattern consisting of four eighth notes and one 
half note. This result reinforces the internal clock model suggested by Povel and Essens 
(1985). 
Po vel (1981) indicated that the equality of performance throughout the study 
between musically trained and untrained participants suggests that active participation in 
music does not affect rhythm pattern imitation. Povel instead stated that it is possible that 
"passive experience" is a determining factor (p. 17). Although dance students may insist 
that their work in music is not passive, Povel's findings suggest that a dance student's 
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kinesthetic participation in music may not be as advantageous as their auditory 
participation. This notion is echoed by Shehan (1987) who suggested that "extensive 
informal exposure to music coupled with a more advanced level of cognitive processing" 
may have resulted in older subjects outperforming younger subjects (p. 124). 
Shehan (1987) compared the effect of an aural presentation of a rhythmic pattern 
with that of a combined aural and visual presentation on the rhythm pattern imitation of 
students in Grade 2 and Grade 6. Results indicated that the combined presentation was 
more effective for participants in both grades. Shehan's study focused on the question of 
"rote versus note" when teaching music literacy, and to this question, Shehan stated, 
"While aural training may be vital in developing auditory and musical sensitivity, music 
reading skills are learned most efficiently through a multifaceted approach that includes 
the rhythm sound, its associated mnemonics, and the notational symbols." The current 
study does not seek to investigate the use of notation in rhythm pedagogy, but it does 
explore any advantages to a "multifaceted approach"- specifically aural and kinesthetic 
approaches. Persellin (1992) also examined the effect of different teaching modalities on 
the rhythm pattern imitation of elementary school students. Persellin's study is similar to 
Shehan's with the addition of a third mode designed to simulate kinesthetic learning. 
Persellin (1992) asked participants (70 first-grade, 70 third-grade, and 70 fifth-
grade students) to repeat six rhythm patterns presented either visually, aurally, 
kinesthetically, or through combinations of these modes. Paralleling Shehan (1987), 
results indicated that multisensory learning could be an effective teaching method. These 
results support the hypothesis that dance is an effective tool for learning rhythm 
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performance because dancers experience music both aurally and kinesthetically. This 
researcher, however, questions Persellin's designation of the third modality as 
"kinesthetic." Persellin applies the kinesthetic mode oflearning by patting subjects on the 
forearm. This researcher would term this presentation 'tactile' rather than 'kinesthetic.' 
Gardner (1983) described kinesthetic learning as learning through doing- as knowing 
through muscle memory- and related a story of Japanese teachers instructing students in 
handwriting by manipulating their hand to form the necessary characters. This researcher 
would argue that the kinesthetic treatment that Persellin employed merely caused the 
participants to feel the rhythm, not engage in the rhythm. The dance students tested as 
part of the current study participate in music through dance. This active participation in 
rhythm is the type of involvement Dalcroze, Orff, Koday, and Gordon supported. 
The present study builds upon Persellin's study in the depth of rhythm pattern 
imitation it explored. Persellin's study measured rhythm pattern imitation across only 6 
rhythmic examples. The current study presented subjects with 20 different examples. In 
addition, Persellin' s results relied on the judgment of raters while the present study used a 
computer to precisely measure the degree of inaccuracy on each of the 20 examples. 
Movement and Rhythm Pattern Imitation 
Rhythm pattern imitation, as researched in the current study, is another rhythmic 
ability that may be positively affected by movement training. A few studies have 
investigated this possible effect. Douglass (1977) investigated if fourth-grade students 
receiving instruction in rhythmic movement attained a higher level of music achievement 
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than fourth-grade students receiving conventional classroom instruction. Fifty-eight 
subjects were stratified into three classifications based on musical aptitude as determined 
by Gordon's Musical Aptitude Profile. Subjects from each classification were then 
randomly assigned to either the experimental or the control group for that classification. 
Douglass examined four dependent variables: aural perception of rhythm (a cognitive 
task measured by the Iowa Tests of Music Literacy), rhythmic accuracy in sight-reading, 
rhythmic accuracy in performance, and the ability to play a steady beat or repeat rhythms 
to an aural, musical cue. For the latter measure, Froseth's Physical Response to Rhythm 
in Music test (PRR) was chosen as the criterion measure. The PRR consists of ten tape-
recorded musical excerpts of varying style and meter. Each excerpt features an overlay of 
a steady beat or rhythmic pattern performed on a woodblock. Subjects are instructed to 
synchronize with the woodblock and then continue the pattern after the woodblock 
ceases. Performances were then rated independently by two judges. Results indicated that 
instruction in rhythmic movement had no significant effect on aural perception of 
rhythm, rhythmic accuracy in sight-reading, or rhythmic accuracy in performance. 
Movement instruction did, however, have a positive significant effect on subject's scores 
on the PRR. Douglass suggested that the reason the PRR was the only measure to show a 
significant effect from treatment is that the physical skills required for the test were more 
closely related to those skills practiced during the instruction in rhythmic movement. 
Douglass (1977) admitted that a chieflimitation of the experiment was the 
relatively small sample size (58 subjects) and suggested that a larger sample size may 
yield more meaningful results. Douglass also indicated that although great care was taken 
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to nullify any bias in the instruction for either the experimental or control groups, the 
researcher was forced to directly instruct some of the groups when one of the teachers 
originally involved in the study moved away after 8 instructional sessions. The researcher 
taught the remaining 20 sessions for those groups. Douglass considered this direct contact 
with the subjects by the researcher a threat to internal validity. In addition, Douglass 
observed "significant school by teacher effects that could have confounded the 
conclusion" that the instruction in rhythmic movement had a positive significant effect on 
the results of the PRR (p. 1 06). 
The current study improved upon Douglass's study in a few ways. First, 84 
subjects were tested, which represents a sample size 45% larger than that of Douglass. 
Second, potential bias in the current study was limited by only selecting subjects who did 
not have direct contact with the investigator prior to the testing. Although the investigator 
was present during the testing, interaction with the subjects was limited to a relating of 
the instructions and an answering of the occasional question. Third, scores were 
calculated by computer program rather than by raters. 
Two other studies examining the effect of movement instruction on rhythm 
pattern imitation also feature subjective scoring procedures. First, Crouch (2003) 
examined the effect of movement instruction on the rhythmic performance of three 
learning-disabled piano students. Participants' rhythm pattern imitation was measured 
before and after a treatment period of twelve weeks. During the treatment period 
participants engaged in various large motor rhythmic movements as part of their weekly 
piano lesson. Raters judged the accuracy of the responses. Results indicated that, 
statistically, the movement activities significantly improved the abilities of students to 
imitate the rhythm patterns. 
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Second, Jordan (1986) devised informal movement instruction techniques based 
on the theories of Rudolf von Laban and measured the effects of this training on the 
rhythm discrimination abilities and the rhythm pattern imitation skills (which Jordan 
referred to as "rhythm performance") of the participants. Results of the study indicated a 
significant treatment effect for the rhythm pattern imitation measure but no significant 
treatment effect for the rhythm discrimination measure. These results are in line with 
Radocy and Boyle's (1997) assertion that rhythm perception and rhythm performance do 
not necessarily correlate. 
The current study attempts to improve upon Crouch's and Jordan's study by 
increasing the amount of rhythm examples presented during the rhythm pattern imitation 
portion of the test and by using computer analysis rather than the judgment of raters to 
obtain results. Crollick (2005) had a similar objective. Crollick compared the effect of 
significant athletic experience to that of formal music training on the beat competency 
and rhythm pattern imitation of college students. This study is discussed in more detail in 
the Beat Competency section of this chapter. Results indicated that participants with a 
combination of formal music training and athletic experience achieved the best results on 
the rhythm pattern imitation test outscoring participants with formal music training and 
no athletic experience and participants with athletic experience and no formal music 
training respectively. None of these results, however, were significant. 
If the dance students in the current study are analogous to the athletes in 
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Crollick's study, then Crollick's results indicate that the music students in the current 
study should have outperformed the dance students on the rhythm pattern imitation 
measure. However, dance training differs from athletic training in one major detail -
dance training is generally accompanied by music. IfPovel's (1981) and Shehan's (1987) 
contentions hold true, and passive experience or informal exposure to music do lead to 
good results on a rhythm pattern imitation test, then the dance students in the current 
study should have outperformed the athletes in Crollick's study. 
The Impact of Instrument Type and Dance Type 
Two studies have explored the impact of instrument type on the rhythmic abilities 
of beat competency and rhythm pattern imitation. As detailed previously, Crollick (2005) 
compared the impact of athletic training and traditional music instruction on college 
students' beat competency and rhythm pattern imitation skills. As part of this study, 
Crollick grouped participants by instrument type: woodwinds, brass, or percussion. 
Crollick found no statistically significant differences related to instrument type for the 
beat competency, the rhythm pattern imitation, or the combined measures. Flohr and 
Meeuwsen (2001) compared the beat competency and rhythm pattern imitation ability of 
college students stratified into three groups: percussion majors, non-percussion music 
majors, and non-music majors. As part of the current study, this relationship was 
explored. 
As mentioned previously, this researcher found no studies that have investigated 
the advantages of dance specifically in fostering rhythmic ability. Likewise, this 
researcher found no empirical studies comparing the impact of participation in specific 
dance types on rhythmic ability. 
Summary 
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Researchers have shown that movement activities may lead to better beat 
competency and rhythm pattern imitation among students. The current study extends 
upon and improves upon previous research in a number of ways. While testing in some 
previous studies was administered to groups of participants, tests for the current study 
were taken individually thereby negating any potential influence of peer imitation. The 
individual testing employed in the current study also allowed participants to progress at 
their own pace, which Osburn (1981) suggested may lead to more accurate results in 
rhythm pattern imitation tests. The scope of the current study was wider than previous 
studies. Participants in the current study were presented with 20 rhythm examples to echo 
while other studies measure among only 6 examples. Finally, researchers have suggested 
that future investigations of beat competency and rhythm pattern imitation should use a 
more precise measurement tool (Ellis, 1992; Grieshaber, 1987, Osburn, 1981 ). Through 
the use of a computer program, the results of the current study were more specific and 




The primary purpose of this study was to compare the impact of dance training to 
that of music training in the development of the rhythmic abilities ofbeat competency 
and rhythm pattern imitation. Secondary purposes were to determine if the amount of 
instrumental music instruction or dance instruction impacted the beat competency and 
rhythm pattern imitation ability ofhigh school students and if the type of instrument or 
style of dance studied impacted the beat competency or rhythm pattern imitation ability 
of high school students. Beat competency is a skill that some have considered necessary 
for accurate rhythmic production (Cox, 1977; Gardner, 1971; Mainwaring, 1931; Povel & 
Essens, 1985) and rhythm pattern imitation has been considered fundamental to overall 
music ability (Judd, 1988). 
The research questions addressed in this study were as follows: 
1. To what extent, if any, do instrumental music instruction and dance 
instruction impact the beat competency and rhythm pattern imitation 
ability of high school students? 
2. To what extent, if any, does the amount of instrumental music instruction 
or dance instruction impact the beat competency and rhythm pattern 
imitation ability ofhigh school students? 
3. To what extent, if any, does instrument type studied (strings, woodwinds, 
brass, percussion) or dance style studied (ballet, tap, modem, jazz, salsa, 
etc.) impact the beat competency and rhythm pattern imitation ability of 
high school students? 
The null hypotheses guiding this study were as follows: 
1. There is no statistically significant difference in the beat competency of 
high school students who have received instrumental music instruction 
and those who have received dance instruction. 
2. There is no statistically significant difference in the rhythm pattern 
imitation ability of high school students who have received instrumental 
music instruction and those who have received dance instruction. 
3. The beat competency of high school instrumental music students is not 
affected by the amount of instrumental music instruction received. 
4. The rhythm pattern imitation ability of high school instrumental music 
students is not affected by the amount of instrumental music instruction 
received. 
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5. The beat competency of high school dance students is not affected by the 
amount of dance instruction received. 
6. The rhythm pattern imitation ability of high school dance students is not 
affected by the amount of dance instruction received. 
7. The beat competency of high school instrumental music students is not 
affected by instrument type studied (strings, woodwinds, brass, 
percussion). 
8. The rhythm pattern imitation ability of high school instrumental music 
students is not affected by instrument type studied (strings, woodwinds, 
brass, percussion). 
9. The beat competency ofhigh school dance students is not affected by 
dance style studied (ballet, tap, modern, jazz, salsa, etc.). 
10. The rhythm pattern imitation ability ofhigh school dance students is not 
affected by dance style studied (ballet, tap, modern, jazz, salsa, etc.). 
For this study a causal-comparative design was employed. Participants were 
stratified into groups defined as music students and dance students based on eligibility 
requirements detailed later in this chapter. The beat competency and rhythm pattern 
imitation skills of each subject were then measured and results for each group were 
compared. Subgroup comparisons based on years of training, dance styles studied, and 
types of musical instruments studied were also investigated. 
Sampling Procedures 
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An essential requirement for the success of this study was for the researcher to 
find participants who had achieved a minimum level of competency in their discipline 
(either music or dance) while having a negligible amount of experience in the other 
discipline. Thus, determining the schools from which these participants were drawn was 
an important first step in the sampling procedure. 
Study School Sampling 
There were two criteria that guided the search for study schools. First, the music 
curriculum at the study schools could not offer rhythmic movement or extensive 
55 
marching band experience as part of the curriculum. Because marching can be considered 
rhythmic movement, and because the purpose of the current study was to compare dance 
students (involved in rhythmic movement with no traditional music instruction) and 
music students (involved in conventional music instruction with no rhythmic movement), 
involvement in marching band was considered by this researcher to be a confounding 
variable. This was a concern with results of Crollick (2005). 
Crollick (2005) investigated the effect of significant athletic experience on beat 
competency and rhythm pattern imitation as compared to that of formal music training. 
All participants with significant formal music training were selected from a university 
marching band. Because marching bands have been recognized as athletic endeavors (see 
Hindsley, 1930; Isch, 1965), one could argue that by drawing students from a marching 
band Crollick had not truly isolated the variable of sports participation; therefore, the 
present study sought to draw participants from schools that either had no marching 
program or offered minimal marching experience as part of the curriculum. Likewise, the 
study schools should offer no rhythmic movement as part of the music curriculum. 
Second, study schools needed to offer dance as part of the curriculum. As of the 
2007-2008 academic year, only 9.2% of public high schools in Connecticut (the state in 
which this study took place) offered dance instruction while 86.1% offered music 
instruction (C. Harrison, personal communication, January 27, 2009).3 Because these 
statistics suggested that dance students would be more difficult to find in the public 
schools, this researcher concentrated on finding schools that did offer dance classes. 
3Claire L. Harrison, Bureau of Data Collection, Research and Evaluation, Connecticut State 
Department of Education. 
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Participant Sampling 
Six arts magnet high schools, of which all offered dance studies and of which five 
offered music studies were approached concerning participation in this study. Two of 
these schools declined to participate while four agreed to become study schools. None of 
these four schools offered rhythmic movement as part of their music instruction nor did 
any of these schools have a marching band. The researcher was serving as chairperson of 
the music department at one of these four study schools at the time the study took place. 
Direct involvement with potential participants by the researcher has been a 
concern in past research. In Osburn (1981), the researcher was the music specialist at the 
study school. Because the subjects had no music for two years until the researcher 
arrived, reactive effects (see Campbell & Stanley, 1963) could have skewed results as the 
students strove to impress their new teacher. Osburn (1981) stated, "Obviously, caution is 
needed in observing one's own students since there is strong possibility ofbias" (p. 2). 
Although Osburn (1981) did state, "Any activity that might be considered practicing the 
test content was avoided" (p. 18), it is possible that instruction specific to the task that 
would be measured may have been unintentionally stressed by the researcher. Therefore, 
for the present study, all music students at the researcher's school of employment were 
disqualified from participation specifically to avoid a possible skewed outcome resulting 
from reactive effects and/or bias. 
Another of the four participating schools offered no music in the curriculum. This 
left only two study schools from which to draw music students. When it became clear 
that not enough eligible music students from the two remaining arts magnets were 
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volunteering for the study, a fifth school was added. This fifth school, a traditional public 
school serving one school district, was chosen because it offered minimal marching 
experience (approximately 150 minutes per year) as part of its music curriculum. 
This researcher also decided to screen musical theater students from one of the 
arts magnets. This decision was made after a conversation with the dance department 
chair at this school revealed that a number of dance students had left the dance 
department and switched into the musical theater department in order to participate in the 
fall musical production. In light of this, and because numbers of dance participants were 
falling below the target goal of 40, musical theater students at one school were screened 
for possible participation in the study. Inquiries into the possibility of adding music 
theater students from the other study schools revealed that only one of these schools had 
a musical theater department. Logistically, screening musical theater students at this 
second school would have been difficult and would have ultimately caused the timeline 
of testing to go well beyond one month. For these reasons the researcher declined to 
screen musical theater students at any other school. For a breakdown of the students 
screened and tested, see Tables 1 and 2. Screening took place in September of2011 at the 
arts magnet high schools and in October of 2011 at the traditional public school. 
The four arts magnet high schools that participated in this study enroll students of 
both part-time and full-time status. Part-time students attend traditional public schools in 
the morning and then are bused to their respective arts magnets for afternoon classes. 
Because part-time students are enrolled in two high schools each (traditional and arts), it 
was necessary to ask specifically which "arts magnet" students attended, rather than just 
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asking for the "school of enrollment" on the Participant Screening Form. In addition, 
consent and assent forms needed to specify that the study was to take place at the arts 
magnet high school that the student attended. When the fifth school, the traditional public 
school, was added, it was necessary to devise alternative screening, consent, and assent 
forms that did not mention an arts magnet high school as these students did not attend arts 
magnet high schools. Therefore, two different screening forms, parental consent forms, 
and assent forms were used as part of this study (See Appendices A, B, C, and D). 
One of the two Participant Screening Forms, which served to identify the students 
who fulfilled the criteria for selection (See Appendices A and B), was distributed prior to 
the testing date to each student of instrumental music and each student of dance at the arts 
magnets, each student of music theater at one arts magnet, and each student of 
instrumental music at the traditional public school. The Participant Screening Forms were 
distributed and collected by the chairpersons of each school's music and dance 
departments. The researcher gathered these forms from the study schools and labeled 
consent and assent forms with the names of the eligible students and delivered them to 
the respective chairpersons for distribution. 
In order to be eligible for the study, participants needed to satisfy three 
requirements. First, because rhythmic ability has been associated with a physical 
command over one's body (Jaques-Dalcroze, 192111973), each participant was required 
to have at least two years of instruction in their discipline, either music or dance. This 
criterion was required to ensure that the participants achieved a level of comfort in their 
discipline. Beginning music and dance classes are often very technical in design. In 
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beginning music classes, students are routinely asked to rehearse a diverse assortment of 
musical techniques as they try to learn the complexities of a new instrument (Brittin, 
2005). In dance, the body is the instrument. In beginning dance classes students often are 
grappling with balance and coordination while performing the moves the teacher 
demonstrates. For Crollick's (2005) study, musicians and athletes were required to have 
five years experience in music or sports respectively. This requirement was deemed too 
restrictive for the present study because participants for this study were younger than 
Crollick's and therefore would be less likely to have as much experience. Because 
finding a large enough sample size to make the results of the study meaningful was a 
concern, it was decided that two years experience in either discipline would be 
considered sufficient for participation. 
Second, each participant was required to have at least one year of enrollment at 
the study school. There was a concern that participants may have had the minimum 
required amount of experience in their discipline, but the experience may not have been 
pedagogically effective. In a 1999-2000 report on the state of arts education in 
Connecticut schools, the Connecticut State Department of Education (2001) stated that 
"expert arts staffing plays a key role in delivering a quality [arts education] program." (p. 
2). It has been noted that a teacher's approach to private music lessons, for example, can 
impact the efficacy of those lessons (Rife et al., 2001). Concerning dance instruction, 
Bonbright (1999) insisted that the most qualified dance instructors are both artist and 
educators and expressed the need for dance instructors to not only understand the artistic 
and physical needs of the art form, but also the instructional and educational needs of the 
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child. For these reasons, it was determined that each student would need to have been 
enrolled in their respective study school for at least one year. All teachers at these schools 
hold certification from the State of Connecticut, so there is some control over the quality 
of instruction that has been received by the participants. 
The most important requirement for participation in this study concerned the 
isolation of music and dance instruction; therefore, the third criterion for participation in 
the study required that all dance participants have no more than one year experience in 
private music lessons or in instrumental performing ensembles, such as band, orchestra, 
or jazz band; and all music participants have no more than one year of dance instruction. 
Many of the students at the study schools participated in both and were therefore 
ineligible for the study. Many students had opportunities to briefly investigate music and 
dance before reaching high school; thus, limiting the study to music students with no 
experience in dance and dance students with no experience in music might have lead to a 
very small sample size and, in tum, might have lead to less supportable findings. Thus, 
for the purposes of this study, one year or less experience in these disciplines was 
considered acceptable for participation in the study. 
Some of the participants had more than one year of experience in choral 
ensembles. In a study of high school choral ensembles, Major (1982) observed no 
correlation between amount of choral experience and high scores on tests that measured 
rhythmic competency; therefore, for the current study, any amount of choral experience 
that the participants may have had was considered negligible. 
Only students who (a) were qualified for the study based on the aforementioned 
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three criteria and (b) returned signed Informed Consent and Assent Forms (located in 
Appendices C and D) became participants in the study. Tables 1 and 2 show a breakdown 
of the participant numbers. 
Table 1 
Breakdown of 44 Dance Students Tested 
1st Music 
School Screened Year Participation Eligible Consented Tested 
1 18 NAa 13 5 3 3 
2 (dance) 53 17 16 20 16 16 
2(m. 27 7 11 9 7 7 
theater) 
3 30 NAa 15 15 13 13 
4 27 3 13 11 5 5 
"Schools 1 and 3 chose to exclude first year students from the screening process as these students were 
automatically ineligible due to the criteria for selection. 
Table 2 
Breakdown of 40 Music Students Tested 
1st Dance 
School Screened Year Participation Eligible Consented Tested 
1a NA NA NA NA NA NA 
2b NA NA NA NA NA NA 
3 61 31 6 24 12 12 
4 64 11 30 23 1 1 
5 34c NAct 7 27 34c 27 
"School 1 has no music department. 'i1usic students at school 2 were ineligible because the researcher 
chairs the music department. cSchool 5 required that screening and consent be obtained simultaneously; 
therefore, some students consented prior to being deemed eligible. dSchool 5 chose to exclude first year 




Participants were tested individually during the school day. Data were collected 
using the Rhythm Performance Test-Revised (RPT-R) developed by Flohr in 1998. This 
computer-generated test consisted of two parts. Part 1 measured beat competency and 
contained five performances of an Irish folk song each at a different tempo. The tempi 
represented were 110 beats per minute (bpm), 120 bpm, 130 bpm, 140 bpm, and 150 
bpm. Data were collected as the subjects tapped the space bar of the computer keyboard 
to the pulse of the music. The RPT-R recorded in milliseconds the degree of error of each 
stroke. 
Part 2 of the RPT-R measured rhythm pattern imitation and contained 20 varied 
rhythms. Subjects listened to each rhythm and then repeated that rhythm by tapping on 
the space bar of the computer keyboard. The RPT-R again recorded in milliseconds the 
degree of error of each stroke and presented that number as either a positive or negative 
value. Rhythms presented in Part 2 of the RPT-R were performed at 60 bpm, 90 bpm, and 
120 bpm and appeared in the meters of2/4, 3/4,4/4, and 6/8. Rhythms were composed of 
eighth notes, quarter notes, quarter rests, and dotted quarter notes (in 6/8 only) and 
included syncopation. A complete list of these rhythms appears in Appendix E. 
Questions may arise as to the validity of having dance students utilize small 
muscle groups to respond to the rhythmic cues when their craft could include more large 
muscle group training; however, the tapping of a key with a finger has become the 
standard for measuring beat competency (Aschersleben, 2002), and Buck (1936) 
contended that a subject's ability to repeat a rhythm by tapping is indicative of that 
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subject's overall rhythmic imitation ability. In addition, studies indicated that mode of 
performance does not significantly affect scores on rhythmic tests (e.g., Jersild & 
Bienstock, 1935; Petzold, 1966). This implies that the act of repeating a rhythmic phrase 
correctly is dependent more upon an understanding and remembering of the rhythm 
rather than a practiced, physical ability. 
The RPT-R represents many advantages over testing procedures used in past 
studies that measured beat competency and rhythm pattern imitation. For example, the 
RPT -R is a test of performance ability rather than a test of merely understanding. 
Performance of a rhythm has been considered a better indication of overall rhythmic 
ability than cognitive tests that simply require participants to judge what they are hearing 
(e.g. Barrett & Barker, 1973). Douglass (1977) concluded that "a child's ability to 
respond physically to rhythm in music is a strong measure of his [sic] rhythmic 
achievement" (p. 58) suggesting that practical tests rather than cognitive tests should be 
employed in research measuring rhythmic ability. 
The RPT -R calculates a precise degree of accuracy. Results in Rose (1995) were 
calculated by rating each participant's performance as either "mastery'' or "nonmastery." 
Mastery was defined as the "ability to maintain a steady beat for eight consecutive beats" 
(p. 49). Each example was played for 32 beats. Considering this definition, a participant 
who plays the first 8 consecutive beats perfectly but plays the remaining 24 beats 
erroneously will still receive a perfect score. For the present study scores are 
representative of the placement of each beat throughout the entirety of the example. 
There are also questions as to the reliability of Osburn's (1981) scoring 
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procedure. An independent rater was employed to score tests also scored by the 
experimenter. A correlation of r = .80 was calculated between the scores of the 
independent rater and the examiner. In explaining why the interrater correlation was not 
higher, Osburn admitted that the subjectivity ofthe rating system caused some of the 
responses, specifically those containing dotted notes, to be judged differently by the two 
raters. This was a result of the subjects' responses being "ambiguous" (p. 25). It was also 
noticed that subjects tended to increase tempo while proceeding through the test. Osburn 
admitted that this caused slight differences between accurate and inaccurate responses 
and "since the instrument used in scoring ... was not set up for measurement this precise, 
it had to be estimated" (p. 44). In the study that Osburn was replicating, Petzold (1966) 
admitted that the scoring procedure needed to be "reviewed and revised" (p. 251). Osburn 
made a number of positive changes to Petzold's scoring procedure, but concluded that the 
use of computers to score tests would serve to eliminate scoring inconsistencies. 
For Kuhn and Gates's (1975) study, results were based on the time interval 
between the initial and the final clap. If the placements of the first and last claps were 
fairly accurate, a good score would have been calculated, regardless of where the interior 
claps were performed. Ellis (1992) stressed this caveat with this system of measurement 
stating, "It should be noted that a relatively unsteady performance could result in a 
perfect tempo score if the absolute and observed times were the same" (p. 3 3 3; emphasis 
Ellis's). Ellis noted the importance of"modern technology" for acquiring more precise 
scores when examining rhythmic ability in future studies (p. 341). 
The RPT-R allows for the testing ofbeat competency over a variety of tempi all 
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presented through the same melody. Kuhn and Gates (1975) only tested the beat 
competency of participants at 90 bpm and Rose's (1995) posttest measured beat 
competency at a variety of tempi, but each tempo was represented by a different melody. 
The RPT-R program used in the present study allows participants to proceed only 
when they are ready. Osburn (1981) included practice items so the students could get use 
to the idea of echoing rhythms. They were also introduced to the testing mechanism, a 
telegraph key, before taking part in the study. The practice items were presented to the 
subjects by performance from the examiner, either by singing or tapping the examples. 
Although this would allow the subjects to practice the idea of repeating the rhythm, it 
would not allow them to practice the rhythms exactly as they are presented during the 
study (on tape). The major difference between Osburn's practice method and study 
method was pacing. 
The practice examples were presented to participants at a pace of the participants 
choosing, but because the stimulus in Osburn's study was presented on tape, there was a 
specific amount of time between examples. This time was for both responding to the 
stimulus and preparing for the next example. Although Osburn increased the amount of 
interstimulus time from that employed by both Petzold (1966) and Thackray (1972), the 
time was still specific and did not take into account any confusion that participants may 
have had after hearing each rhythm. Osburn did notice that the subjects may have been 
thinking about their previous response while the next stimulus was presented and stated, 
"Although the test format made no provision for second attempts, many children were 
observed correcting their responses while simultaneously listening to the next pattern" (p. 
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52). This may have led to poor scores resulting from inattention. This concern led Osburn 
to suggest that future studies explore an instrument that allows for self-pacing. 
The RPT-R also allows for second attempts. Although participants were not 
allowed to repeat an item specifically to correct their response, they were allowed a 
second attempt if their attention was averted by an announcement over the intercom or 
other such disruption. 
One limitation of the RPT-R is that Part 1 does not represent the range of 
commonly perceived tempi as suggested by Duke (1989) and Duke, Geringer, and 
Madsen (1991). Results of these studies suggested that college-age musicians tend to 
identify pulses of music as being between 60 bpm and 120 bpm (Duke, 1989) or 70 bpm 
and 120 bpm (Duke, Geringer, & Madsen, 1991). Other tempi presented in these studies 
were often identified as subdivisions or multiples of another tempo. For instance, 140 
bpm was identified as 70 bpm and 50 bpm was identified as 100 bpm. 
For the current study, this researcher did not deem the possible misunderstanding 
of the pulse to be problematic for three reasons. First, Duke, Geringer, and Madsen 
(1991) observed that the greatest tendency to perceive an incorrect pulse was 
demonstrated by college music majors. High school students who participated in music 
identified the pulse incorrectly only 28% of the time while high school students who did 
not participate in music identified the pulse incorrectly 20% of the time. 
Second, the initial presentation of the tune in Part 1 of the RPT-R is at 110 bpm, 
which is in the range of commonly perceived tempi as suggested by Duke (1989) and 
Duke, Geringer, and Madsen (1991). Some subsequent presentations are outside that 
range, but because each new tempo is presented with the same tune it was doubtful that 
subjects would change the placement of the pulse while working through the examples. 
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Third, the researcher demonstrated the pulse of the music while singing the tune 
prior to the commencement of the test. This was done so that each participant would 
understand where the pulse lay. This clarification was necessary in case any of the 
participants did not understand what was meant by the term 'pulse.' Additionally, if a 
participant tapped a subdivision or multiple of the pulse in any example, the RPT-R 
allowed the researcher to return to the beginning of that example and rerecord that 
participant' s taps after clarifying the tempo. 
Another limitation of the RPT-R is that Part 1 does not fully represent the range 
of tempi considered optimal for rhythmic processing and perception by Drake and 
Bertrand (2003) and Walters (1986). These scholars reported that optimal tempi are 
highly variable among subjects and can move beyond the range of tempi presented in the 
RPT-R. This suggests that many participants in the current study may have received 
higher scores if their beat competencies were measured at more varied tempi. Drake and 
Bertrand also reported, however, that the most optimal tempo universally seemed to be 
100 bpm, which is just below the range of tempi presented in Part 1 of the RPT -R, while 
Walters's subjects observed an average personal tempo of 115 bpm, which is within the 
range oftempi presented in Part 1 of the RPT-R. Therefore, this researcher did not 
consider the tempi of the examples included in Part 1 to be detrimental to the study. 
The examples included in Part 2 of the RPT-R comprise a wider range oftempi. 
These examples are presented at 60, 90, and 120 bpm, which are representative of the 
ranges outlined by Duke (1989) and Duke, Geringer, and Madsen (1991) and of the 
optimal tempi suggested by Drake and Bertrand (2003) and Walters (1986). 
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For both parts of the RPT-R, the program records each keystroke and registers the 
differential in milliseconds between when the key was struck and when it would have 
been struck in a perfect performance (the correct beat). These values are referred to as 
constant error (CE) (Meeuwsen, Flohr, & Fink, 1998) and can appear as positive numbers 
(meaning the subject strikes the keyboard late, or after the correct beat) or negative 
numbers (meaning the subject strikes the keyboard early, or before the correct beat). 
Because, in an unsteady performance, pairs of scores can cancel each other out (1 0 ms 
early and 10 ms late ultimately add up to a perfect score), the absolute error (AE) is also 
calculated. This score gives all negative numbers a positive value thereby measuring the 
distance away from a perfect response regardless of direction. Smaller absolute error 
scores indicate a better performance (less distance away from the correct response). From 
the AE scores, a Percent AE score is derived. Meeuwsen, Flohr, and Fink (1998) state, 
"Percent AE [is] calculated by dividing the AE for each beat within an item by the total 
criterion duration for that item and multiplied by 100. Percent AE is a unit-less variable 
and [allows] for the comparison among different tempi" (p. 3). Whereas AE scores 
represent the amount of error, Percent AE scores represent the degree of accuracy. 
Percent AE scores for each item are then averaged for a total mean Percent AE score for 
Part 1 (beat competency), Part 2 (rhythm pattern imitation) and the combined measures. 
Because this is the only information given as to how the Percent AE score is 
calculated, this researcher calculated the correlation between the mean Percent AE scores 
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and the mean of the AE scores given to each participant by the RPT -R in Part 1. 
Meeuwsen, Flohr, and Fink (1998) state that whereas lower AE scores indicate better 
performance (the lower the AE, the closer one is to perfection), higher Percent AE scores 
indicate better performance; therefore, this researcher expected that a very strong 
negative relationship between these two indicators would be observed. Indeed, a very 
strong negative relationship was observed between the mean Percent AE scores and the 
mean AE scores (r = -0.990, p < 0.01) in Part 1. This researcher, therefore, was 
convinced that the mean Percent AE score is a valid interpretation of the AE scores 
received in Part 1. 
A similar correlation between the mean Percent AE scores and the mean AE 
scores received in Part 2 (the rhythm pattern imitation measure), however, could not be 
calculated. This is because some of the participants' responses to the stimulus were so 
erroneous that the computer could not interpret the response and therefore could not 
calculate a score. In this case, no AE scores were registered and a Percent AE score of 0 
was assigned by the RPT-R. Because no AE score was registered, a correlation between 
mean Percent AE scores and mean AE scores could not be calculated. Because the 
Percent AE scores and mean Percent AE scores for Part 2 are derived exactly as they are 
for Part 1, this researcher deemed the mean Percent AE scores for Part 2 equally as valid 
as those in Part 1. 
The RPT-R declined to register an AE score when a participant's tap was more 
than 50% closer to where another tap did, or should have, occurred. In other words, for 
Part 2, if the rhythm one needed to repeat began with two quarter notes, and the 
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participant tapped two eighth notes, the second tap would have occurred 50% closer to 
the original tap than it should have. If the participant placed this tap one millisecond 
earlier than where an eighth note should have been placed, it would be over the 50% 
tolerance and the RPT-R would decline to register an AE score. In this case, the RPT-R 
would calculate a Percent AE score of 0. 
The RPT-R was originally developed for use with children 4-12 years of age 
(Flohr & Meeuwsen, 2001). It has been employed in studies testing preschool and 
primary school students (Meeuwsen, Flohr, & Fink, 1998) as well as college subjects 
(Crollick, 2005; Flohr & Meeuwsen, 2001). Pilot testing of the RPT-R was considered 
"promising, with good reliability and factor analytic verification of the two part division 
of skill" by Webster (2002, p. 433). In a study by Meeuwsen, Flohr, and Fink (1998), 32 
elementary school children (mean age= 8.26; SD = 1.97) were tested using the RPT-R 
specifically to rate the reliability of the test. The test was given twice over a two-week 
period. Pearson reliability coefficients for all the dependent variables - CE, AE, VE 
(variable error), and Percent AE- were calculated as follows: r = .71 forCE, r = .72 for 
VE, r = .74 for AE, and r = .90 for Percent AE. Only the latter measure, Percent AE, was 
used in the current study to compare subjects. A further breakdown of the reliability 
scores show that Part 1 of the RPT-R yielded a Pearson reliability coefficient of r = .90 
while Part 2 yielded a Pearson reliability coefficient of r = .89. 
Although reliability has not been measured for use with high school students, the 
developer of the instrument, Flohr, cited results detailed in Flohr (2003) as being 
suggestive that reliability remains consistent as participants increase in age (J. Flohr, 
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personal communication, March 14, 2012). In the study cited in Flohr (2003), subjects 
ages 4-7 showed significant variability in mean Percent AE scores, while subjects 8-12 
showed much less variability. This resulted in a Pearson reliability coefficient of r = .80 
for the younger group with the Pearson reliability coefficient of r = .90 for the total 
sample of 51 subjects (mean age= 9.43). This leveling off of scores is consistent with the 
literature, which suggested that one's ability to replicate an aural presentation of a 
rhythmic pattern plateaus at Grade 3 (see Cox, 1977; Petzold, 1966; Thackray, 1972.) 
The high reliability scores of the RPT-R combined with the leveling off of scores as 
subjects' ages increase cited in Flohr (2003) and Cox's (1977) assertion that the rhythmic 
competency of older children "approach adult levels" (p. 25) led this researcher to deem 
the RPT-R reliable for use with high school aged subjects. 
In 2001 , Flohr and Meeuwsen measured the validity of the RPT-R for testing the 
rhythmic ability of college students. The sample was stratified into three cells: percussion 
majors, other music majors, and non-music majors. The authors quoted prior research 
studies (e.g., Duke, Geringer, & Madsen, 1991; Rohwer, 1998; Rose, 1995) that 
suggested that background, major field of study, and instruction influence rhythm 
performance. Because results showed that the percussionists scored much higher than the 
other two groups, which is consistent with the aforementioned literature, the authors 
deemed the instrument valid for older subjects. There are some questions concerning the 
authors' conclusions. Music majors did not score significantly higher than non-music 
majors, which seems to be inconsistent with the literature (see Duke, Geringer, & 
Madsen, 1991). Also, there is no indication of the size of the samples tested. 
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Further questions of Flohr and Meeuwsen's conclusion result from the findings of 
Crollick (2005) who used the RPT-R to measure the rhythmic ability of university 
students. Crollick's results indicated that percussion students did not perform better than 
other instrumentalists, which is inconsistent with Flohr and Meeuwsen's findings. For 
Crollick's study, however, the percussionists were not necessarily percussion majors, as 
they were in Flohr and Meeuwsen's study. Crollick's percussion students were selected 
because they had at least five years experience. Because of the aforementioned literature 
indicating that background, major field of study, and instruction may influence rhythm 
performance, it can be expected that percussion majors will perform better on a rhythm 
competency test than percussionists who do not major in their instrument. Regardless of 
the quality of instruction, percussion majors, as well as other music majors, would most 
likely need to pass an audition to select that major and would ultimately spend a 
considerable amount of time practicing their instrument as part of the requirements for 
their major. 
Crollick's other findings are consistent with the research, which lends credibility 
to the finding that the RPT -R is a valid instrument for use with older subjects. Crollick 
concluded that experience in music is an indicator of rhythmic ability, which is consistent 
with the literature. In light of these facts, this researcher deemed the RPT-R to be a valid 
instrument in the measurement of beat competency and rhythm pattern imitation among 
high school students. 
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Procedure 
Testing occurred between October 3 and November 3, 2011. Prior to being 
administered the RPT-R, each student completed the Participant Data Form located in 
Appendix F. Participants were administered the RPT-R individually using a Dell Latitude 
D-630 laptop computer and Harmon/Kardon, HK195 external speakers. After the form 
was completed, the researcher familiarized the participant with the RPT -R and gave the 
following instruction: 
For the first part of this program, the computer will play a song and you are going 
to tap along with the beat of that song on the space bar. So you will hear three 
clicks then a pick up and then you should start tapping on beat one. So you will 
hear click, click, click, ... 
The researcher then sang the beginning of the song and tapped the table as an example to 
the participant. The researcher then continued the instructions: 
This will happen six times with the same song at different speeds. You can work 
through the program yourself. Every time the green arrow appears, scroll over it, 
click on it, and get ready because the song will begin. 
For Part 1, the clicks that began each presentation of the tune were very soft. To 
make them more audible, the volumes on the computer and on the speakers were both set 
at 1 00%. When the song began the investigator immediately lowered the volume on the 
speakers to ensure that the song was not uncomfortably loud. Part 1 began with a practice 
example that did not factor into the participant's final score. This enabled the participants 
to gain familiarity and comfort with the test. As Ellis (1992) noticed, practice "seemed to 
have the additional effects of increasing motivation and decreasing anxiety" (p. 332). 
After Part 1 was completed, the researcher gave the following instruction: 
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For the second part of this program, the computer will play a rhythm and you are 
going to repeat that rhythm on the space bar. You will see one of three lights on 
the screen. When the red light appears, you will see the green arrow. Click on it 
and get ready. Next, the yellow light will appear. That is when the computer will 
play the rhythm. Then wait for the green light before you tap the rhythm on the 
space bar. If you tap early, the computer will not register your rhythm. Also be 
aware that you will not hear your taps through the speakers. You will only hear 
the physical contact of your finger hitting the space bar. When you repeat the 
rhythm, try to repeat it exactly as the computer played it, meaning, tap the same 
rhythm and the same tempo. If you don't have any questions, click on the green 
arrow and away we go. 
Part 2 began with two practice examples. 
For Part 2, the sound ofthe participant's clicks was considerably delayed from the 
tactile sensation of the finger hitting the space bar. This was deemed extremely 
disconcerting by the researcher. To solve this problem the researcher installed an audio 
splitter in the earphone jack of the computer. The external speakers were hooked up to 
one jack of the splitter while a set of Sony MDR-7506 Professional Dynamic Stereo 
Headphones was plugged into the other jack in the splitter. The investigator wore the 
headphones to monitor the participants' taps. The volume on the computer was 
diminished to 30% while the volume on the external speakers was set to 100%. The 
participant would hear the rhythm through the speakers then the researcher would 
immediately drop the volume on the speakers down to zero before the participant tapped. 
When the participant tapped the sound was only heard through the headphones. This 
enabled the investigator to monitor the participants' taps without the participant being 
disturbed by the delay. Any time the computer did not register a tap (this occurred when 
participants merely touched the space bar instead of pressing it), or registered too many 
taps (this occurred when a participant held the space bar down), the Fl key was pressed 
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allowing the participant to redo that example. The F1 key was also used when a 
participant tapped prior to the green light appearing or when there was an interruption, 
such as an announcement over the intercom, which disturbed the participant. The F1 key 
was rarely needed. The audio delay was barely noticeable in Part 1 and did not seem to 
cause any confusion. Total test time was about 15 minutes per participant, which 
included the completion of the Participant Data Form. 
Data Analysis 
SPSS was used to analyze the data collected. Mean scores and standard deviations 
were calculated and comparisons were drawn between the scores of the music students 
and those of the dance students. An ANOVA was used for both parts of the RPT-R to test 
for statistical significance between mean Percent AE scores and discipline (music student 
or dance student). Pearson product moment correlation coefficients were calculated to 
determine if there were statistically significant correlations between the amount of 
training (music or dance) subjects had received and scores earned on the measures. 
In addition, music students were divided into subgroups based on whether they 
had received instruction on certain instruments and scores were compared. (For instance, 
the scores of those who had received instruction on string instruments were compared to 
those who had not received such instruction, the scores of those who had received 
instruction on woodwind instruments were compared to those who had not received such 
instruction, etc.) Similarly, dance students were divided into subgroups based on whether 
they had received instruction in certain styles of dance and scores were compared. 
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Comparisons of these subgroups were explored through ANOVAs. For most tests of 
significance, the null hypothesis was rejected at the p < .05 level of confidence. The low 
sample size increased the risk that a Type I or Type II error might have occurred; 
however, Phillips (2008) suggested that a sample size of 40 or more generally guards 
against the occurrence of these errors. Thus, this researcher was confident in setting the 
alpha level at .05. 
Tests for significance based on instrumental type yielded one unexpected result. 
In order to minimize the chances that a Type I error might have occurred, a Bonferroni 
correction was applied to the calculations. Because six separate tests for significance 
based on instrumental type were run, the alpha level of .05 was divided by six and the 
new alpha level was set at .008. 
Summary 
The primary purpose of this study was to compare the impact of dance training to 
that of music training in the development of the rhythmic abilities ofbeat competency 
and rhythm pattern imitation. For this study a causal-comparative design was employed. 
Participants were drawn from four arts magnet high schools and one traditional public 
school and were stratified into groups defined as music students and dance students. 
Students at the study schools completed screening forms that determined eligibility for 
the study. Eligible participants were required to have at least two years of instruction in 
their discipline, either music or dance; at least one year of enrollment at the study school; 
and no more than one year experience in the other discipline. Eligible participants who 
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returned consent and assent forms completed the Participant Data Form (see Appendix F) 
and were then tested with the Rhythm Performance Test-Revised (RPT-R). The RPT-R 
consisted of two parts. Part 1 measured beat competency and Part 2 measured rhythm 
pattern imitation. The RPT-R recorded the degree of accuracy of finger taps the 
participant performed on the space bar ofthe computer. The RPT-R has been deemed 
reliable for use with children ages 4-12 and valid for use with college students. Thus, it 
was determined that the instrument is both reliable and valid for use with high school 
students in this study. Results for the two groups - music students and dance students -
were compared. Subgroup comparisons based on years of training, dance styles studied, 




The beat competency and rhythm pattern imitation of 84 participants were 
measured using the RPT-R computer program described fully in Chapter III. Forty of the 
participants were high school music students and 44 were high school dance students. 
The RPT-R comprised two parts. Part 1 consisted of 5 items that measured beat 
competency. For this part participants were asked to keep time to an Irish folk song at 
various tempi by tapping on the keyboard of the computer. Part 2 consisted of 20 items 
·that measured rhythm pattern imitation. For this part participants were asked to echo 
rhythms the computer presented aurally also by tapping on the keyboard of the computer. 
As explained in greater detail in the previous chapter, the RPT-R calculated Absolute 
Error scores (AE) for each item. 
Some participants received a Percent AE score of 0 on certain items. This 
occurred when a participant's tap was more than 50% closer to where another tap did, or 
should have, occurred. There were no percent AE scores of 0 received in Part 1; however, 
18.57% ofthe 1680 total items in Part 2 (14.25% for music students; 22.5% for dance 
students) received a mean Percent AE score ofO. For items 1-5 in Part 2, a score ofO was 
registered only four times, which represents 0.48% of the 420 scores received in this part 
of the test (1.5% for music students; .45% for dance students). For items 6-10 in Part 2, a 
score ofO was registered 14 times, which represents 3.33% of the 420 scores received in 
this part of the test (2% for music students; 4.55% for dance students). For items 11-15 in 
Part 2, the amount of scores registered as 0 increased to 105, which represents 25% ofthe 
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420 scores received in this part of the test (19.5% for music students; 30% for dance 
students). For the final 5 items in Part 2, items 16-20, a score of 0 was registered 189 
times, which represents 45% of the 420 scores received in this part of the test (34% for 
music students; 55% for dance students). As these results show, the amount of Percent 
AE scores registered as 0 increased as the test progressed. These results could be due to 
test fatigue, but Gardner (1971) concluded that participants found it easier to duplicate 
rhythmic patterns that appeared later in the test. A more likely cause of the current results 
could be the density of the patterns, as the rhythms occurring later in the test for generally 
contained more notes (see Appendix C). Gardner found that patterns with more notes and 
more complex constructions proved to be more difficult for participants to repeat. 
It is important for the reader to be cognizant of issues concerning sample size, 
including possibilities of Type I or Type II errors. Although Phillips (2008) suggested 
that a sample size of 40 or more generally guards against the occurrence of these errors, 
readers should note the possibility that these errors may have occurred when drawing 
conclusions from the results presented. 
Null Hypotheses 1 and 2 
Null hypotheses 1 and 2 state that there is no statistically significant difference in 
the beat competency or rhythm pattern imitation ability of high school students who have 
received instrumental music instruction and those who have received dance instruction. 
To test these hypotheses, one-way ANOV As revealed that, statistically, the music 
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students outperformed the dance students in all three measures -beat competency, 
rhythm pattern imitation, and the combined score. These results are shown in Table 3. 
Table 3 
Comparison of Mean Percent AE Scores between Music Students (n = 40) and Dance Students (n 
= 44) for Three Measures 
Standard 
Measure/Group Mean Deviation Df F p 
Beat Competency 
Music Students 94.25 1.63 83 Dance Students 92.80 2.95 7.626 .007 
Rhythm Pattern Imitation 
Music Students 77.85 13.13 83 Dance Students 68.93 13.41 9.457 .003 
Combined Score 
Music Students 81.15 10.52 83 Dance Students 73.73 11.11 9.832 .002 
Histograms were drawn to verify a normal distribution and to check for any 
outliers that could be affecting results. These histograms revealed that one dance student 
scored considerably lower than the other dance students on the beat competency measure 
potentially affecting overall beat competency and combined measure scores (see Figures 
1 and 2). Results were therefore recalculated with this one participant's beat competency 
score removed. These results still indicated that, statistically, the music students' scores 
on the beat competency measure as well as on the combined measure were significantly 
greater than the dance students' scores on the same measure. These results are shown in 
Table 4. Because this one participant's score on the rhythmic pattern imitation measure 
was more in line with the other scores on that measure, that score was not removed. All 
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Comparison of Mean Percent AE Scores between Music Students (n = 40) and Dance Students 
minus one outlier (n = 43) for Three Measures 
Standard 
Measure/Group Mean Deviation Df F p 
Beat Competency 
Music Students 94.25 1.63 82 Dance Students 93.12 2.06 7.653 .007 
Rhythm Pattern Imitation 
Music Students 77.85 13.13 82 
Dance Students 68.93 13.41 9.457 .003 
Combined Score 
Music Students 81.15 10.52 82 Dance Students 74.37 10.38 8.722 .004 
There was also one outlier, although to a lesser degree, on the rhythm pattern 
imitation measure among the music students. Because this outlier's score was not as 
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drastically different as the dance student's score discussed above, the researcher deemed 
the chance of this score affecting results to be unlikely. In addition, the researcher 
administered the test to all participants and concluded that none of the subjects displayed 
inattentiveness or unwillingness to give full participation in the study. It is the 
researcher's belief, therefore, that these two outliers merely represent the low end of the 
distribution. Because of this belief, coupled with the fact that the former outlier's scores 
did not significantly affect the results of the first research question, the researcher decided 
that all scores should remain in the equations for all research questions. As these scores 
indicated that, statistically, the music students outperformed the dance students on both 
the beat competency and the rhythm pattern imitation portions of the test, null hypotheses 
1 and 2 were rejected. 
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It should be noted that the statistically significant differences observed between 
the music students and the dance students in the beat competency portion of the current 
study does not necessarily indicate any practical significance. Scores for the music 
students (M = 94.25; SD = 1.63) were only slightly better than the scores for the dance 
students (M = 92.80; SD = 2.95). To gain more insight into the practical significance of 
the difference in the means, the effect size was calculated using a Cohen's d and was 
determined to bed= 0.633. Cohen (1988) stated that d values measuring between 0.5 and 
0.8 indicate a medium effect and defined a medium effect as one "large enough to be 
visible to the naked eye" (p. 26). Valentine and Cooper (2003) warn against applying 
Cohen's descriptors generically stating that in some areas of study, such as education, 
smaller effect sizes are often calculated and in some instances d values that Cohen 
generically classifies as indicating a medium effect can in actuality indicate a large effect. 
The combined score computed by the RPT-R represented a straight average of the 
5 beat competency items and the 20 rhythm pattern imitation items. Because the rhythm 
pattern imitation portion of the test represented 80% of the total test, a significant positive 
correlation between the scores on the rhythm pattern imitation and combined measures 
for the 40 music students (r = .999,p < .01) and the 44 dance students (r = .998,p < .01) 
was observed. For this reason, only the first two measures, beat competency and rhythm 
pattern imitation, were investigated for all remaining research questions. 
Null Hypotheses 3 and 4 
Null hypothesis 3 states that the beat competency of high school instrumental 
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music students is not affected by the amount of instrumental music instruction received. 
To test this hypothesis, a Pearson product moment correlation coefficient was calculated 
to determine ifthere was a statistically significant correlation among the music students 
between the amount of music training and scores on the beat competency measure. No 
statistically significant correlation was observed (r = -.164, p > .05); therefore, null 
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Figure 3. Correlation between beat competency scores and instrumental music 
experience among music students (n = 40). Participants were considered to have 
instrumental music experience if they had ever taken instrumental music lessons or 
played an instrument with a performing ensemble such as school bands or orchestras, 
youth orchestras or community bands, or any other instrumental music group. Two years 
of music experience was the minimum requirement for participation in this study. 
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Null hypotheses 4 states that the rhythm pattern imitation ability of high school 
instrumental music students is not affected by the amount of instrumental music 
instruction received. A Pearson product moment correlation coefficient was calculated to 
determine if there was a statistically significant correlation among the music students 
between the amount of music training and scores on the rhythm pattern imitation 
measure. No statistically significant correlation was observed for the rhythm pattern 
imitation measure (r = -.152, p > .05); therefore, null hypotheses 4 could not be rejected 
(see Figure 4). 
Null Hypotheses 5 and 6 
Null hypothesis 5 states the beat competency ofhigh school dance students is not 
affected by the amount of dance instruction received. To test this hypothesis, a Pearson 
product moment correlation coefficient was calculated to determine if there was a 
significant correlation among the dance students between the amount of dance training 
and scores on the beat competency measure. No significant correlation was observed for 
the beat competency measure (r = -.018, p > .05); therefore, null hypothesis 5 could not 
be rejected (see Figure 5). 
Null hypotheses 6 states the rhythm pattern imitation ability of high school dance 
students is not affected by the amount of dance instruction received. To test this 
hypothesis, a Pearson product moment correlation coefficient was calculated to determine 
if there was a significant correlation among the dance students between the amount of 
dance training and scores on rhythm pattern imitation measure. A weak, yet significant, 
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negative correlation (r = -.326,p < .05) was observed (see Figure 6); therefore, null 
hypothesis 6 was rejected. This negative correlation, however, was unexpected. This 
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Figure 4. Correlation between rhythm pattern imitation scores and instrumental music 
experience among music students (n = 40). Participants were considered to have 
instrumental music experience if they had ever taken instrumental music lessons or 
played an instrument with a performing ensemble such as school bands or orchestras, 
youth orchestras or community bands, or any other instrumental music group. Two years 
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Figure 5. Correlation between beat competency scores and dance experience among 
dance students (n = 44). Participants were considered to have dance experience if they 
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had ever received private or group dance instruction. Two years of dance experience was 
the minimum requirement for participation in this study. 
Null Hypotheses 7 and 8 
Null hypotheses 7 and 8 state that the beat competency and rhythm pattern 
imitation ability of high school instrumental music students are not affected by the 
instrument type studied (strings, woodwinds, brass, drums/percussion, guitar/bass, or 
piano). Because some participants' scores appeared in more than one group, i.e., they had 
received instruction on more than one instrument, the assumption of independence 
required for a lx6 ANOVA was not met; therefore, a separate lx2 ANOVA was run for 
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each instrument that the music students indicated they studied. For instance, four music 
students indicated that they had received instruction on a string instrument. A lx2 
ANOV A was run to determine if, statistically, the music students who had received string 
instrument instruction scored significantly better than those music students who had not 
received string instrument instruction. This process was repeated for each of the 
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Figure 6. Correlation between rhythm pattern imitation scores and dance experience 
among dance students (n = 44). Participants were considered to have dance experience if 
they had ever received private or group dance instruction. Two years of dance experience 
was the minimum requirement for participation in this study. 
89 
Results indicated that, statistically, those music students who had received 
woodwind instruction (n = 15, M = 93.47, SD = 1.25) scored significantly lower on the 
beat competency measure than those who had not received woodwind instruction (n = 25, 
M = 94.72, SD = 1.67, F= 6.304,p = .016). Results also indicated that, statistically, 
those music students who had received drum or percussion instruction (n = 7, M = 94.40, 
SD = 1.68) scored significantly better on the beat competency measure than the music 
students who had received drum or percussion instruction (n = 33, M = 94.16, SD = 1.62, 
F = 10.208, p = .003). Based on previous literature (e.g., Crollick, 2005), there was no 
basis to believe that the music students receiving woodwind instruction would score 
lower on the beat competency measure than those who had not received woodwind 
instruction; therefore, a Bonferroni correction was applied to the calculations. Because 
six separate tests for significance based on instrumental type were run, the alpha level of 
.05 was divided by six and the new alpha level was set at .008. Reexamining the data 
with an alpha level of .008 indicated that there was no statistically significant difference 
in the beat competency scores for those who had received woodwind instruction (p = 
.016). The adjusted alpha level, however, did not alter the findings that, statistically, 
music students who had received drum or percussion instruction scored significantly 
better than those music students who did not receive such instruction (p = .003). No other 
significance between scores for any of the instrument types was observed, but because of 
the significant difference observed between the scores of the percussion students and the 
scores of the non-percussion students on the beat competency measure, null hypothesis 7 
was rejected. Because no significant differences were observed between scores calculated 
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based on instrument type studied for the rhythm pattern imitation measure, null 
hypothesis 8 could not be rejected. All comparisons of scores based on type of instrument 
studied by the music students are detailed in Table 5. 
Null Hypotheses 9 and 10 
Null hypotheses 9 and 1 0 state that the beat competency and rhythm pattern 
imitation ability of high school dance students are not affected by the dance style studied 
(ballet, tap, jazz, modem, jazz, hip hop, salsa, or African). As was the case with the music 
students, some dance students' scores appeared in more than one group, i.e. they had 
received instruction in more than one dance style; therefore, a separate 1x2 ANOVA was 
run for each dance style that the dance students specified they had studied. Results 
indicated that there was no statistical significance between scores for any of the dance 
styles listed on the Participant Data Form (See Appendix F); therefore, hypotheses 9 and 
10 could not be rejected. A few dance students indicated that they received instruction in 
other dance styles, such as ballroom, Irish, k:ickline, and contemporary. As these other 
styles only had two participants at the most, and considering none of the other styles 
showed any significance, no tests of significance were run for these styles. Details of the 
results ofthese tests appear in Table 6. 
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Table 5 
Comparisons of Scores and Type of Instrument Studied among Music Students (n = 40) 
Standard 
Instrument S tudied!Measure n Mean Deviation df F p 
Strings 
Beat Competency 4 94.00 1.41 39 0.102 0.751 
Rhythm Pattern Imitation 4 71.75 8.66 39 0.958 0.334 
Brass 
Beat Competency 12 94.17 1.59 39 0.044 0.835 
Rhythm Pattern Imitation 12 73.25 16.33 39 2.167 0.149 
Woodwinds 
Beat Competency 15 93.47 1.25 39 6.304 0.016 
Rhythm Pattern Imitation 15 77.53 10.74 39 0.014 0.908 
Drums/Percussion 
Beat Competency 7 94.40 1.68 39 10.208 0.003 
Rhythm Pattern Imitation 7 80.60 11.88 39 3.891 0.056 
Guitar/Bass 
Beat Competency 5 93.80 0.84 39 0.430 0.516 
Rhythm Pattern Imitation 5 72.20 12.01 39 1.060 0.310 
Piano 
Beat Competency 15 94.40 1.68 39 0.199 0.658 
Rhythm Pattern Imitation 15 80.60 11.88 39 1.054 0.311 
Summary 
Results indicated a statistically significant difference between scores received by 
the music students and those received by the dance students on both the beat competency 
and rhythm pattern imitation measures in favor of the music students. There was no 
statistically significant correlation observed between the amount of music training 
received and scores on the beat competency measure among the musicians. There was 
also no statistically significant correlation observed among the music students between 
the amount of music training received and scores on the rhythm pattern imitation 
measure. Results indicated no statistically significant correlation between the amount of 
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dance training received and scores on the beat competency measure among the dancers; 
however, there was a weak, yet statistically significant, negative correlation observed 
among the dance students between the amount of dance training received and scores on 
the rhythm pattern imitation measure. 
Table 6 
Comparisons of Scores and Dance Style Studied among Dance Students (n = 44) 
Standard 
Dance Style Studied/Measure n Mean Deviation df F p 
Tap 
Beat Competency 26 95.86 0.69 43 2.079 0.157 
Rhythm Pattern Imitation 26 86.43 11.82 43 1.743 0.194 
Jazz 
Beat Competency 35 92.77 3.19 43 0.011 0.917 
Rhythm Pattern Imitation 35 69.06 13.71 43 0.015 0.904 
Modem 
Beat Competency 33 93.03 2.04 43 0.836 0.366 
Rhythm Pattern Imitation 33 69.45 12.45 43 0.197 0.659 
Hip Hop 
Beat Competency 27 92.78 2.24 43 0.002 0.961 
Rhythm Pattern Imitation 27 69.19 13.75 43 0.024 0.877 
Salsa 
Beat Competency 10 93.10 2.51 43 0.136 0.715 
Rhythm Pattern Imitation 10 70.10 15.59 43 0.096 0.758 
African 
Beat Competency 16 93.06 2.52 43 0.203 0.655 
Rhythm Pattern Imitation 16 66.75 11.49 43 0.661 0.421 
Results indicated that, statistically, those who had received woodwind instruction 
scored significantly lower on the beat competency measure than those who had not 
received woodwind instruction. Results also indicated that, statistically, those who had 
received drum or percussion instruction scored significantly better on the beat 
competency measure than those who had not received drum or percussion instruction. 
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Because, considering past literature, the lower scores among the woodwind students were 
unexpected, a Bonferroni correction was applied to the calculations. Considering the 
adjusted alpha level, there was no statistically significant difference observed between the 
beat competency scores of those who had studied woodwind instruments and those who 
had not studied woodwind instruments. There remained, however, a statistically 
significant difference between those who had studied drums or percussion and those who 
had not studied drums or percussion on the beat competency measure. Results indicated 
that there was no statistical significance between scores on either the beat competency 
measure or rhythm pattern imitation measure for any of the dance styles listed on the 
Participant Data Form (See Appendix F). 
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ChapterV 
Summary, Conclusions, and Recommendations 
The primary purpose of this study was to compare the impact of dance training to 
that of music training in the development of the rhythmic abilities ofbeat competency 
and rhythm pattern imitation. Secondary purposes were to determine if the amount of 
instrumental music instruction or dance instruction impacts the beat competency and 
rhythm pattern imitation ability ofhigh school students and if the type of instrument or 
style of dance studied impacts the beat competency or rhythm pattern imitation ability of 
high school students. Dalcroze, Orff, Kodaly, and Gordon all strongly advocated the use 
of movement as a tool of music pedagogy (Jaques-Dalcroze, 1921/1973; Orff, 
1976/1978; Landis & Carder, 1972; Gordon, 2000). The endorsement of movement by 
these music educators coupled with the amount and variety of studies that have examined 
movement and its impact on music learning point towards the importance music 
educators and researchers have placed on movement's pedagogical possibilities. Many of 
these studies have suggested that rhythmic abilities in particular can benefit from training 
that includes movement (e.g., Crouch, 2003; Jordan, 1986; McCoy, 1986; O'Dell, 2007; 
Phillips-Silver & Trainor, 2005; Phillips-Silver & Trainor, 2007; Rohwer, 1998; Rose, 
1995), and some researchers have indicated that, considering dance's ability to cultivate a 
strong sense of rhythm in its participants, dance should be an integral part of music 
education (e.g., MeN, 1912; Shehan, 1986). Thus, this researcher sought to compare 
dance training and music training on the development of aspects of rhythmic abilities. If 
it was ascertained that dance training was more effective than music training in the 
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acquisition of rhythmic abilities, then music educators might incorporate more dance and 
movement activities in music classes. 
The primary research objective ofthis study was to determine if students with at 
least two years of dance instruction and no more than one year of music instruction 
would obtain comparable scores on tests of rhythmic abilities as students with at least two 
years of music instruction and no more than one year of dance instruction. Considering 
Abril's (2011) suggestion that the pedagogical potential of movement training should be 
tested on older subjects, high school students were chosen for participation in the current 
study. Two rhythmic tests were taken by 40 music students and 44 dance students and 
results were compared. Statistically, the music students in this study scored significantly 
better than the dance students on both the beat competency measure and the rhythm 
pattern imitation measure. 
As mentioned previously, many studies have indicated that movement can be an 
effective tool in the training of rhythmic ability; however, results of this study indicate 
that movement training, in the form of dance, may not be as effective in fostering 
rhythmic performing abilities as conventional music teaching methods. The present 
study's greatest improvement upon these past studies was the use of a computer program 
that measured inaccuracy to the millisecond, presented test items at a variety of tempi, 
and allowed for individual testing. While past studies have relied on different melodies to 
represent different tempi, the computer program used in the current study presented all 
tempi through the same melody. This eliminated the possibility that differentiation in 
scores on each test item were a result of confounding due to the variation in melody 
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rather than difficulty in performing the different tempi. In addition, by choosing study 
schools with no or minimal marching practice in the music curriculum, the present study 
was able to minimize the effect of marching band participation, which can be viewed as 
training in rhythmic movement, on the results. 
The present study's distinctive approach was that it allowed for more substantial 
training while isolating the variables of music and movement instruction. That is, one 
group of participants had extensive movement training but minimal music training while 
the other group of participants had extensive music training but minimal movement 
training. In contrast, previous studies measured the efficacy of movement training by 
adding movement instruction to preexisting music training. Crouch (2003) examined the 
effect of movement instruction by adding rhythmic movement exercises to the weekly 
piano lessons of the participants in the treatment group. The participants in McCoy's 
(1986) treatment group received movement instruction as part of their regular choral 
rehearsals while the control group participated in choral rehearsals with no reference to 
physical movement. O'Dell's (2007) subjects participated in movement activities as part 
of the same steady beat instruction the control group received. Participants in the 
treatment group of Rohwer's (1998) study received movement instruction in addition to 
attending full band class during the time the study was taking place. Participants in the 
treatment group of Rose's (1995) study received instruction in Dalcroze eurhythmics 
focusing on movement along with conventional music instruction. The positive effects of 
movement instruction detailed in these studies can be attributed to the value ofhaving 
movement instruction be a component of conventional music instruction. The current 
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study investigates whether there is v_alue in having movement instruction in lieu of music 
instruction. 
In the current study the dance participants, averaging 8.70 years of dance training 
(SD = 4.28), statistically scored significantly lower on both measures than the music 
participants, who averaged 7.51 years of music training (SD = 2.09). The effect size was 
calculated to bed= 0.633. These results seem to indicate that in terms of rhythm 
pedagogy, movement training alone is not as effective a teaching tool as conventional 
rhythm training alone. This study, however, did not examine if dance study combined 
with music study might yield superior rhythmic performance than dance or music 
instruction in isolation. 
Additionally, there are a few other possible reasons that the music students' 
scores were higher than the dance students' scores on the rhythm pattern imitation 
measure. Povel (1981) noted that rhythms are more easily repeated when they can 
commonly be found in music while rare rhythms are the most difficult to echo. The music 
students in the current study were enrolled in either arts magnet high schools or in a 
traditional public high school with an award-winning band. It may be possible that as the 
music students' training intensified, some rhythms, which formerly were considered rare, 
become more familiar. These rhythms would remain rare to the dance students who, at 
this point in their schooling, would not be receiving the same intensity of rhythmic 
instruction as the music students. Music students who reach a certain level of study may 
also focus on rhythmic construction from a compositional viewpoint, which might also 
result in familiarity with more rhythms. Additionally, music students who read rhythms, 
98 
see rhythms. The connection of sound to sight might help to foster an understanding that, 
in turn, would lead to easier recognition. Rhythms that are more quickly recognized are 
more easily repeated. 
Pavel (1981) observed, however, no significant difference between the rhythm 
pattern imitation abilities of musicians and nonmusicians at the college undergraduate 
level. Considering Cox's (1977) assertion that older children (such as the high school 
students who served as participants in the current study) demonstrate rhythmic 
proficiency on a par with adults (such as the college students in Pavel's study), one might 
assume that the dance students in the current study, none of whom had received more 
than one year of music instruction, should have performed as well as the music students 
on both the beat competency and rhythm pattern imitation measures. Contrastingly, the 
dance students in the current study scored lower than the music students on both of these 
measures. 
The impact of music training and dance training on rhythmic ability was further 
explored by examining the correlation between the participants' scores on the beat 
competency and rhythm pattern imitation measures and the amount of training (i.e., years 
of study) each had received. When the correlation between experience and the rhythmic 
abilities ofbeat competency and rhythm pattern imitation was investigated as part of this 
study, no statistically significant correlations among the music students between the 
amount of music training each had received and scores on either measure were observed. 
This result, therefore, supports Abril's (2011) view that research has indicated that the 
synchronization skills and rhythmic abilities of children naturally improve as children 
age. 
Petzold (1966) contended that beat competency plateaus at Grade 3, although 
other studies have indicated that this ability increases with age beyond the third grade 
(Cox, 1977; Osburn, 1981). The variables of age and training, however, can be difficult 
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to isolate (Ellis, 1992; Metz, 1989); still, some studies have suggested that age is a greater 
determinant of rhythmic ability than training. Po vel's (1981) observation that musicians 
and nonmusicians at the undergraduate level displayed no differences in their ability to 
repeat rhythmic patterns led to Povel ' s suggestion that passive involvement in music may 
bolster rhythmic ability. In support ofPovel's findings, Drake and Bertrand (2003) 
reported that beat competency scores tend to be over 90 percent for both musicians and 
nonmusicians. In the current study, the total mean beat competency score for the music 
students was 94.25 (SD = 1.63) and the total mean beat competency score for the dance 
students was 92.80 (SD = 2.95), which also lends support to Povel's and Drake and 
Bertrand's findings. Considering the results of studies that investigate the role of 
maturation in the improvement of rhythmic ability, one would expect that, similar to the 
music students in the current study, the dance students in the current study would show 
no significant correlation between training and scores on both the beat competency and 
rhythm pattern imitation measures. 
Indeed, no statistically significant correlation among the dance students between 
amount of dance training and scores on the beat competency measure was observed; 
however, a significant, although weak, negative correlation was observed between 
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amount of dance training and scores on the rhythm pattern imitation measure. There are a 
few possible reasons for this result. Dance pedagogy may treat rhythm as a rudimentary 
concept rather than an advanced concept. As dance students move through years of 
training their focus may turn away from rhythm and towards other aspects of their craft. 
Even when given the specific task of repeating a rhythm, the advanced dance student may 
instinctively focus on confounding aspects of the rhythm, such as volume, phrasing, or 
tempo, which hinder perfect repetition. 
The idea that focus on musical aSpects separate from rhythm can hinder growth in 
rhythmic ability was supported by Flohr and Meeuwsen (2001) who claimed that 
instruction on some instruments promotes rhythmic proficiency more than instruction on 
other instruments. The work of Flohr and Meeuwsen (2001) showed that the percussion 
majors in the study scored higher than all other music majors on both measures of the 
RPT-R. These results were anticipated as it is believed that percussionists should receive 
better scores than other music students on rhythmic proficiency tests because percussion 
students focus predominantly on rhythm while other music students give equal or greater 
time to the study of pitch. 
Results of the current study are partially in line with those of Flohr and Meeuwsen 
(2001). That is, participants who had received drum or percussion instruction scored 
statistically significantly better on the beat competency measure than those who had not 
received drum or percussion instruction. Percussionists were the only instrumentalists 
who showed any significant difference over the other instrumentalists. Percussionists, 
however, did not score statistically significantly better than non-percussionists on the 
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rhythm pattern imitation measure. The reader must realize, however, that these results are 
weakened by the fact that only 7 of the 40 music students who participated in this study 
were percussionists. A larger sample of percussionists may have yielded different results. 
The assumption that percussionists will perform better on tests of rhythmic ability 
is called into further question when examining the results of Crollick (2005). Crollick 
used the RPT-R as a measuring instrument. Percussionists in Crollick's study did not 
perform better than the other instrumentalists, however, the percussionists were not 
necessarily percussion majors, as they were in Flohr and Meeuwsen's study. Crollick's 
participants merely indicated they had at least five years experience. There is no 
indication as to the level of study Crollick's participants were engaged in at the time of or 
prior to Crollick's study. The discrepancy between results of Flohr and Meeuwsen 
(200 1 ), in which percussionists performed statistically significantly better on both 
measures, and Crollick (2005), in which percussionists performed statistically 
significantly better on neither measure, and the current study, in which percussionists 
performed statistically significantly better on only the beat competency measure, may be 
attributed to the type of instruction the participants were receiving or had received as part 
of their musical training. It is conceivable that percussion students who study melodic 
percussion may earn scores commensurate with those of the other instrumentalists 
because, like other instrumentalists, they will divert some of their focus to the study of 
pitch. This researcher did not investigate the type of instruction being administered at the 
study schools for the current study, nor were comparisons drawn between results 
obtained at the different study schools. The effect of types of instruments studied by 
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percussion students on rhythmic abilities, however, would be an interesting and worthy 
topic for future researchers. 
If one is to believe that students who study only non-pitched percussion 
instruments will perform better on rhythmic proficiency tests than students who divert 
their focus to pitch, then one could surmise that dance students who study rhythmically 
focused dance forms, such as tap, would perform better on rhythmic proficiency tests 
than those who study dance forms that focus less on rhythmic production, such as ballet. 
Results of the current study, however, did not indicate that this is the case. Rather, results 
indicated that there was no statistical significance between scores for any of the dance 
styles listed on the Participant Data Form (See Appendix F). One possible reason for this 
result is that almost all subjects participated in some form of dance style in which 
rhythmic production is a central focus of study, such as tap, salsa, and African. In these 
styles rhythms are produced with the feet either to keep time with the music (i.e., salsa 
and African) or as the central characteristic ofthe style itself(i.e., tap). 
A closer look at the dance styles reveal that most of the styles listed on the 
Participant Data Form probably have a significant rhythmic component. One could argue 
that ballet is one style of dance in which rhythmic production, (i.e., keeping a strict pulse 
or creating rhythms with the feet) is not a central focus of the dance form, but all dance 
participants indicated that they had studied ballet; therefore, no comparison could be 
made between those who studied ballet and those who did not. Another way to judge 
ballet's impact on scores would have been to compare the scores of those who only 
studied ballet with those who studied ballet along with other styles; however, only one 
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dance participant had studied only ballet. This is an indication of another reason that no 
significant effect was found for any of the dance styles. The mean number of dance styles 
studied by the dance participants was 4.42 (SD = 1.56); therefore, it is very difficult to 
make any strong conclusions concerning the effect of one particular dance style on 
rhythmic abilities. 
Conclusions 
In numerous cultures music and dance are inexorably linked and moving 
rhythmically to music is not only encouraged, it is an essential part of the music itself 
(Cross, 2003). This relationship of music and dance may be the outgrowth of an innate 
inclination to entrain one's body to aural rhythmic stimulation. Researchers have 
observed what appears to be a natural proclivity of people to move to the pulse of music 
(e.g., Bolton, 1894; Cross, 2003; lyer, 1998). As a result, many researchers have 
investigated the possibility that this instinctive rhythmic entrainment can be exploited in 
the training of rhythmic ability (for a detailing of some of these resulting studies, see 
Chapter II, this document; Ferguson, 2005). 
The use of movement as a pedagogical tool for music instruction was famously 
championed by Emile Jaques-Dalcroze (192111973) at the beginning of the 20th century. 
Other prominent music educators, such as Carl Orff (197611978), Zoltan Kodaly (Landis 
& Carder, 1972), and Edwin Gordon (2000) followed Dalcroze's lead in promoting 
movement as an important activity for the music classroom. Dalcroze, Orff, Kodcily, and 
Gordon differed in their approach to music education, but all agreed that rhythmic ability 
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is fundamental to musical ability (Shehan, 1984; Wis, 1993) and that music education 
needs to include movement (Jaques-Dalcroze, 1921/1973; Orff, 1976/1978; Landis & 
Carder, 1972; Gordon, 2000). 
Researchers have investigated the suggested advantages of including rhythmic 
I 
movement in the classroom (e.g., Crouch, 2003; Douglass, 1977; Jordan, 1986; McCoy, 
1986; O'Dell, 2007; Phillips-Silver and Trainor, 2005; Phillips-Silver and Trainor, 2007; 
Rohwer, 1998; Rose, 1995; Sheldon, 1994), but many ofthese studies have been limited 
by participants with minimal movement training; group testing; testing items that do not 
isolate rhythm as the sole variable; or measurement instruments that are imprecise, that 
do not allow subjects to proceed at their own pace, or that only measure responses to a 
few test items. The current study sought to improve upon past studies by eliminating 
these limitations. 
Researchers have suggested that the study of dance can improve a student's 
rhythmic abilities (e.g., McCarthy, 1996; Iyer, 1998; Shehan, 1984), but research had yet 
to fully investigate the advantages of dance training specifically in improving the 
rhythmic abilities of music students. To help fill this gap, the current study sought to 
compare the impact of dance training to that of music training in fostering the rhythmic 
abilities of beat competency and rhythm pattern imitation in high school students. 
Much past literature suggested that movement activities may be an effective 
means of acquiring rhythmic skill, but results of the current study seem to suggest the 
contrary. In considering past research, however, readers should be cautious not to 
conclude that the current results suggest that there is no advantage to including 
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movement activities in rhythm pedagogy. The current study differed from many past 
studies in that it examined the effect of movement lessons and music lessons separately. 
In many past studies, in order to measure movement's efficacy as a tool of music 
education, movement training was added to music lessons (e.g., Crouch, 2003; McCoy, 
1986; O'Dell, 2007; Rohwer, 1998; Rose 1995). By examining subjects who participated 
in movement activities in addition to conventional music instruction, researchers have 
observed how movement can augment conventional study. Contrastingly, by examining 
music students with minimal movement training and dance students with minimal music 
training, the current study gives us a glimpse ofhow these pedagogical approaches work 
independently of each other. Whereas past studies have suggested that rhythmic 
movement may positively impact rhythmic ability when added to methods of rhythm 
pedagogy, this study suggests that rhythmic movement cannot replace the direct 
instruction of rhythm in a musical context. 
Readers should exercise caution in generalizing the results of this study. Sample 
sizes were smaller than many of the other beat competency and rhythm pattern imitation 
studies detailed in Chapter II of this document. In addition to the small sample size, 
participants were drawn mostly from arts magnet high schools. The intensive training 
these students received as part of their studies at these schools may have contributed to 
better than average scores. In addition, all the schools were located in Connecticut. It is 
possible that results would be different if the same study were run in a different part of 
the United States, or a different part ofthe world. Povel (1981) indicated the possibility 
that "passive experience" with music could result in an improvement in rhythm pattern 
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imitation (p. 17). Shehan (1987) also indicated the advantages of "extensive informal 
exposure to music" (p. 124). Thus, results of this study could be indicative ofthe types of 
music these participants were exposed to in these schools and in this geographical region. 
Participants who live in other geographical areas could be exposed to different styles of 
music and therefore earn different scores on the tests administered as part of the current 
study. 
Recommendations for Future Research 
Most of the studies discussed in this document involved rhythmic movement; that 
is, movement that emphasized the production of a steady pulse either alone or embedded 
in rhythms. Many of the movement activities advocated for early childhood music 
education; however, are interpretive rather than productive (e.g., Dalcroze, 1921/1973; 
Laban, 1975; Orff, 197611978). Thus, future researchers may want to consider 
investigating the effect of different types of movement on rhythmic ability. Examples 
would include comparisons of movements that stress the pulse versus movements that do 
not stress the pulse (such as the interpretive movements endorsed by Dalcroze, Laban, 
and Orff), upper body movements versus lower body movements, or small muscle 
movements versus large muscle movements. 
Different styles of dance incorporate different movements and treat rhythm with a 
different amount of emphasis (Adshead, Briginshaw, Hodgens, & Huxley, 1982). In· 
addition, different teachers of the same style may afford rhythm a different level of 
importance and the amount oftime spent discussing rhythm can be vastly different from 
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instructor to instructor (Conroy, 1972). IfPovel's (1981) assertion that passive 
involvement in music can lead to rhythmic proficiency is correct, then all dance styles 
should demonstrate the same impact on the rhythmic abilities of dance students. The 
amount of time spent focusing on rhythm in the dance class should also bear no 
significance on students' rhythmic abilities. This information would be valuable to music 
teachers who want to incorporate movement into their classrooms. No meaningful 
conclusions could be drawn from the current study concerning a comparison of dance 
forms because most of the dance participants had received instruction in multiple dance 
styles. This was most likely the result of drawing the participants from arts magnet high 
schools. Future researchers who seek to isolate individual dance styles will probably want 
to approach ballet schools or private dance studios where students are choosing classes 
individually rather than taking a curriculum of dance classes. 
The effect of music and movement instruction on memory was beyond the scope 
of this study, but future researchers may want to consider this topic. Petzold's (1966) 
results suggest that an inability to replicate a rhythmic pattern presented aurally is caused 
by a lack of understanding or lack of retention of the pattern. Brower (1993) discusses the 
importance of working memory in the perception of rhythmic patterns and episodic 
memory in the retention of those patterns, but, along with Drake and Bertrand (2003), 
notes the limitations ofhuman memory. Taylor (1989) and Palmer (2006), however, 
suggest that movement may improve musical retention. One could easily presume that 
dance students would have an excellent working memory as well as an excellent episodic 
memory considering their kinesthetic involvement in music and the amount of 
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choreography they routinely learn and retain for performances. Music students, however, 
may struggle with working and episodic memory since music education focuses more on 
music literacy then on aural skills (Petzold, 1969; Shehan, 1987) and movement activities 
are deemphasized as students advance to higher grades (Abril, 2011). In school settings, 
one is more apt to see music students playing from sheet music than from memory, 
regardless of the style of music, but many professional musicians, such as orchestral 
soloists and jazz and commercial musicians, rely on the memorization of music. It can be 
argued, therefore, that musical memory warrants more consideration in music education 
curricula, and subsequently an investigation of the effect of different movement strategies 
on the recognition of and retention of rhythmic patterns, extending upon the work of both 
Taylor and Palmer, would be worth attention. 
Future researchers may want to compare the rhythmic abilities of percussionists 
who study different percussion instruments. Flohr and Meeuwsen (2001) observed that, 
statistically, the percussionists in their study performed significantly better on tests of 
rhythmic ability than other instrumentalists, but other researchers have observed different 
results (see Crollick, 2005 and the present study). Placing all percussionists into the same 
groups for comparison because they are considered to all have similar rhythmic skills 
may be an erroneous assumption. Percussion students who play pitched percussion 
instruments divide their focus between the musical aspects of rhythm and pitch while 
those who play only non-pitched instruments concentrate on the study of rhythm. Drum 
set players utilize all four limbs and work on physical coordination to synchronize the 
activities of those limbs while most other percussion instruments require only the use of 
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the upper body. Timpani are generally played with more physical movement than bells. 
Investigation into the effect of training in certain percussion instruments on rhythmic 
ability is a topic future researchers may want to consider. 
One of the distinguishing characteristics of the current study was the use of high 
school age participants, which allowed for a greater amount of training among subjects. 
Considering Petzold's (1966) contention that a child's beat competency plateaus at Grade 
3 and Ellis's (1992) and Metz's (1988) observations that the variables of age and training 
are difficult to isolate; however, future researchers may want to consider replicating the 
current study with younger students. 
The current study was also distinguished from other studies by its use of the RPT-
R computer program (Flohr, 2003) to calculate precise scores on two measures of 
rhythmic ability: beat competency and rhythm pattern imitation. This program, however, 
was limited in that it only measured beat competency at the following tempi: 110 bpm, 
120 bpm, 130 bpm, 140 bpm, and 150 bpm. These tempi do not represent the range of 
commonly perceived tempi as suggested by Drake and Bertrand (2003), Duke (1989), 
Duke, Geringer, and Madsen (1991), and Walters (2003). Future researchers may want to 
use a testing instrument that presents examples at a wider variety of tempi. 
Finally, future researchers may also want to conside~ comparing music students' 
and dance students' skills at other rhythmic abilities, such as keeping a steady pulse 
without an aural cue or improvising rhythms. Considering the inexorable link of music 
and dance alluded to in many writings (e.g. Cross, 2003; Geissmann, 2000; Gregory, 
1997; Large, 2008; Levitin, 2006; Merriam, 1964; Molino, 2000; Nettl, 2005), this 
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researcher views the connection of music and dance to be an important topic for future 
researchers interested in rhythm pedagogy. 
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Appendix A 
Participant Screening Form- Arts Magnet High Schools 
This form gathers information to help determine if you are eligible for 
a study that will take place this fall. If you meet eligibility 
criteria, you will learn about the study in detail and will be able to 
choose whether or not you want to participate. 
1. Your Name: Date: 
-----------------------------------
-------------
2. Your School (please circle one): ACT ECA RCA GHAA 
3. Your Current Year in School (please circle one): Freshman Sophomore Junior Senior 
4. What is your major at this school? (please circle or specify) 
Music Dance Other (please specify): ___________ _ 
5. Have you ever received private or group dance instruction, such as classes in ballet, tap, 
jazz, modem, hip hop, salsa, or any other style of dance? If so, for how many years and months? 
_____ years + ___ months __ I have never received dance instruction 
6. Have you ever taken private instrumental music lessons or played an instrument with a 
performing ensemble such as school bands or orchestras, youth orchestras or community bands, 
or any other instrumental music group? If so, for how many years and months? 
_____ years + ___ months __ I have never played an instrument in 
private music lessons or in ensembles such as 
band, orchestra, or jazz band. 
7. Have you ever taken private voice lessons or sung with a performing group such as a 
choir or any performing ensemble? If so, for how many years and months? 
_____ years + ___ months __ I have never participated in vocal 
ensembles. 
8. Have you been enrolled at this arts magnet high school (ACT, ECA, RCA, GHAA) for 
more than one year? 
Yes 
---
No, this is my 1st year. __ _; 
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AppendixB 
Participant Screening Form- Traditional Public High School 
This form gathers information to help determine if you are eligible for 
a study that will take place this fall. If you meet eligibility 
criteria, you will learn about the study in detail and will be able to 
choose whether or not you want to participate. 
1. Your Name: _________________ _ Date: 
2. Your School:----------------------
3. Your Current Year in School (please circle one): Freshman Sophomore Junior Senior 
4. Have you been at this school for more than one year? 
Yes 
---
__ _;No, this is my 1st year at this school. 
5. Have you ever received private or group dance instruction, such as classes in ballet, tap, 
jazz, modem, hip hop, salsa, or any other style of dance? If so, for how many years and months? 
____ years + ___ months I have never received dance instruction 
6. Have you ever taken private instrumental music lessons or played an instrument with a 
performing ensemble such as school bands or orchestras, youth orchestras or community bands, 
or any other instrumental music group? If so, for how many years and months? 
____ years + ___ months __ I have never played an instrument in 
private music lessons or in ensembles such as 
band, orchestra, or jazz band. 
7. Have you ever taken private voice lessons or sung with a performing group such as a 
choir or any performing ensemble? If so, for how many years and months? 
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Title of Project: A Comparison of the Beat Competency and Rhythm Echo Accuracy of High 
School Musicians and Dancers 
Principal Investigator: Anthony DeQuattro 
Study Background 
You are being asked permission for your child to enroll as a participant in a research study. Many 
arts educators have believed that movement is an effective way to teach rhythm. This study will 
compare the rhythmic ability of high school dancers and musicians in the hope that more light can 
be shed on the efficacy of movement as a tool for teaching rhythm. 
The Principal Investigator is a Doctoral student at Boston University and this project is being 
completed for his dissertation research. He is also on the faculty of Quinnipiac University and the 
head of the music department at the Regional Center for the Arts. 
It is expected that each subject's participation in the study will last less than 15 minutes and that 
the entire study will last no more than two weeks. Your child will be one of approximately 180 
subjects asked to participate in this research. 
Purpose 
The purpose of the study is to learn more about the factors that contribute to improved rhythmic 
ability. By better understanding these factors, better teaching techniques for both music and dance 
students can be developed. 
What Happens in this Research Study? 
If your child volunteers to participate in this study, he or she will be asked to complete a form and 
possibly take a computer generated test. The form consists of seven questions and will gather 
information on age, sex, grade level, race (optional) and years of music and dance experience. 
Participants who have had at least two years of instruction in their discipline, either music or 
dance, and no more than one year experience of private lessons or performing experience in the 
other discipline will be asked to take a computer generated test. This test will require participants 
to keep time with music and repeat rhythms by tapping on a computer key. Completion of both 
computer generated tests should take less than ten minutes. Completion of the form should take 
less than five minutes. The research will take place at the Arts Magnet High School in which the 
student is enrolled (i.e. RCA, ECA, ACT, W AMS, GHAA, or Co-op High School). 
Boston University College of Fine Arts 
855 Commonwealth Avenue 
Boston, Massachusetts 02215 
T 617-353-3350 F 617-353-5331 
www .bu.edulcfa 




-u~ ' ':': '" '' ~ 
There are no known risks associated with participation in the study. There may be unforeseen 
risks to the study. If new risks are identified the study staff will update you in a timely way about 
any new information that might affect your child's health, welfare, or decision to stay in the 
study. 
Benefits 
Your child will not receive any direct benefits from participating in this study. This study will 
contribute toward the understanding of music and dance education. Your child may receive no 
benefit from participating in this study. 
Alternatives 
Your child' s alternative is to not participate in this study. 
Costs/Payments 
There are no known costs to your child for participating in this research study except for your 
child's time. Your child will not be paid to participate in this research study. 
Confidentiality 
Data will be stored in locked files and a password protected computer only accessible to the 
Principal Investigator and his dissertation advisor and destroyed at the end of the research. All 
research data will be assigned a code. There will be no list that links the name of subjects to their 
code. The signed consent forms will be kept separate from the research data. 
Your child's information may be used in publications or presentations. However, the information 
will not include any personal information that will allow your child to be identified. Information 
from this study and study records may be reviewed and photocopied by the sponsor, the 
institution and by regulators responsible for research oversight such as the Office of Human 
Research Protections and the Boston University Institutional Review Board. 
Voluntary Participation 
Taking part in this research is voluntary. Your child has a right to refuse to take part in this study. 
If your child decides to be in this study, he or she can refuse to answer any question if he or she 
wishes. If your child decides to be in this study and then changes his or her mind, he or she can 
withdraw from the research. Refusal to participate will not involve any penalty or loss of benefits 
to which your child is otherwise entitled. 
Boston University College of Fine Arts 
855 Commonwealth Avenue 
Boston, Massachusetts 02215 
T 617-353-3350 F 617-353-5331 
www .bu.edu/cfa 
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If there are any new fmdings during the study that may affect whether or not your child wishes to 
continue to take part in the research, you and your child will be told about them as soon as 
possible. The Principal Investigator may decide to stop your child's participation in the study 
without his or her consent. This might happen if the Principal Investigator decides that staying in 
the study will be bad for your child or if he/she or the sponsor decides to stop the study. 
Contacts 
If you have questions regarding this research or if your child has a research related injury, either 
now or at any time in the future, please contact the Principal Investigator, Anthony DeQuattro, at 
203-415-3958 or at rhythmSALAD@aya.yale.edu. Questions may also be addressed to his 
faculty advisor, Dr. Roger Mantie, at rmantie@bu.edu. You may obtain further information about 
your child' s rights as a research subject by contacting the Boston University Institutional Review 
Board for Human Subjects Research at 617-358-6115 or irb@bu.edu. 
Agreement to Participate 
By signing this consent form you are indicating that you have read this consent form. You are 
also indicating that you have been given the opportunity to ask questions about the study and all 
of your questions have been answered to your satisfaction. By signing the consent form you are 
indicating that you voluntarily agree to participate in the study. You will be given a copy of the 
consent form to keep. 
I have read this consent form. All my questions have been answered. I agree to participate in this 
study. I have been given a copy of this form. 
Name of Participant (Your Child) 
Name of Person Giving Consent 
Signature of Person Giving Consent Date 
Name of Person Obtaining Consent Signature Date 
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Boston University 
RESEARCH ASSENT FORM 
Title of Project: A Comparison of the Beat Competency and Rhythm Echo Accuracy of High 
School Musicians and Dancers 
Principal Investigator: Anthony DeQuattro 
Study Background and Purpose 
You are being asked to participate in a research study. The purpose of the study is to learn more 
about the factors that contribute to improved rhythmic ability. By better understanding these 
factors, better teaching techniques for both music and dance students can be developed. You are 
being asked to participate in this study because of your involvement in dance or music classes. It 
is expected that your participation in the study will last less than 15 minutes. The Principal 
Investigator is a student at Boston University and this project is being completed as part of his 
degree program. After reading about this study in more detail, you will be asked if you would like 
to participate in it. 
What Happens in this Research Study? 
If you agree to participate, you will be asked to complete a form and possibly tap rhythms on a 
computer keyboard. The form consists of seven questions and will gather information on your 
age, sex, grade level, race (optional) and years of music and dance experience. The computer 
portion of the study requires participants to keep time with music and repeat rhythms by tapping 
on a computer key. Completion of both computer tests should take less than ten minutes. 
Completion of the form should take less than five minutes. The research will take place at the 
Arts Magnet High School in which you are enrolled (i.e. RCA, ECA, ACT, W AMS, GHAA, or 
Co-op High School). The Principal Investigator will be at your school doing the study on one day. 
Risks and Discomforts 
There are no known risks associated with participation in this study. There may be unforeseen 
risks to the study. If new risks are identified, the Principal Investigator will let you know 
immediately and you can decide if you want to remain in the study. 
Benefits 
You will not receive any direct benefits from participating in this study; however, if you 
participate in this study it could help others by contributing to the understanding of music and 
dance education. You may receive no benefit from participating in this study. 
Alternatives 
If you do not want to be a part of this study, you do not have to be. 
Boston University College of Fine Arts 
855 Commonwealth Avenue 
Boston, Massachusetts 02215 
T 617-353-3350 F 617-353-5331 
www .bu.edulcfa 
Costs/Payments 




The Principal Investigator will do his best to keep the information that you disclose private. He 
will tell you if he plans to tell your parents, teachers or others any information that he learns from 
you while doing this research. 
Even though he will try to keep the information private there is a chance that someone who is not 
part of the study will learn some private information about you if you join this research study. 
Ask the Principal Investigator about this if you have any questions. 
All information will be stored in locked files and a password protected computer only accessible 
to the Principal Investigator and his teacher and destroyed at the end of the research. When you 
take the computer generated test (tap the rhythms) your score will be assigned a number. Your 
form will be assigned the same number. Your name will not appear on either. Your information 
may be used in publications or presentations. However, the information will not include any 
personal information that will allow you to be identified. 
Voluntary Participation 
Do you have to be in this study? No, you don't. No one will make you if you don't want to do 
this. Just tell the Principal Investigator or your dance or music teacher if you decide not to do it. 
No one will be mad at you or change how they take care of you because you don't want to 
participate. If you decide to join and then later change your mind it is ok. If you decide to join but 
then don't want to answer some of the questions now or later that is ok. 
Contacts 
If you have questions regarding this research or if you think you are being hurt by the research 
now or later your parents can contact the Principal Investigator, Anthony DeQuattro, at 203-415-
3958 or at rhythmSALAD@aya.yale.edu. Questions may also be addressed to his faculty advisor, 
Dr. Roger Mantie, at rmantie@bu.edu. 
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Agreement to Participate 
If you sign this assent form it means that you have read it. It also means that you have been given 
the chance to ask questions about the study and your questions have been answered. If you sign 
this it means that you are agreeing to participate and no one is forcing you. 
You will be given a copy of the consent form. 
Name ofParticipant 
Signature of Participant Date 
Name of Person Obtaining Consent Signature Date 
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AppendixD 
Informed Consent and Assent Forms - Traditional Public High School 
Boston University College of Fine Arts 
855 Commonwealth Avenue 
Boston, Massachusetts 02215 
T 617-353-3350 F 617-353-5331 
www.bu.edu/cfa 
PARENTAL INFORMED CONSENT FORM 
~~-OSTO ~ 1 \'E[( SI'B:J 
Title of Project: A Comparison of the Beat Competency and Rhythm Echo Accuracy of High 
School Musicians and Dancers 
Principal Investigator: Anthony DeQuattro 
Study Background 
You are being asked permission for your child to enroll as a participant in a research study. Many 
arts educators have believed that movement is an effective way to teach rhythm. This study will 
compare the rhythmic ability of high school dancers and musicians in the hope that more light can 
be shed on the efficacy of movement as a tool for teaching rhythm. 
The Principal Investigator is a Doctoral student at Boston University and this project is being 
completed for his dissertation research. He is also on the faculty of Quinnipiac University and the 
head of the music department at the Regional Center for the Arts. 
It is expected that each subject's participation in the study will last less than 15 minutes and that 
the entire study will last no more than two weeks. Your child will be one of approximately 180 
subjects asked to participate in this research. 
Purpose 
The purpose of the study is to learn more about the factors that contribute to improved rhythmic 
ability. By better understanding these factors, better teaching techniques for both music and dance 
students can be developed. 
What Happens in this Research Study? 
If your child volunteers to participate in this study, he or she will be asked to complete a form and 
possibly take a computer generated test. The form consists of seven questions and will gather 
information on age, sex, grade level, race (optional) and years of music and dance experience. 
Participants who have had at least two years of instruction in their discipline, either music or 
dance, and no more than one year experience of private lessons or performing experience in the 
other discipline will be asked to take a computer generated test. This test will require participants 
to keep time with music and repeat rhythms by tapping on a computer key. Completion of both 
computer generated tests should take less than ten minutes. Completion of the form should take 
less than five minutes. The research will take place at the High School in which the student is 
enrolled. 
Boston University College of Fine Arts 
855 Commonwealth Avenue 
Boston, Massachusetts 02215 
T 617-353-3350 F 617-353-5331 
www.bu.edu/cfa 
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There are no known risks associated with participation in the study. There may be unforeseen 
risks to the study. If new risks are identified the study staff will update you in a timely way about 
any new information that might affect your child' s health, welfare, or decision to stay in the 
study. 
Benefits 
Your child will not receive any direct benefits from participating in this study. This study will 
contribute toward the understanding of music and dance education. Your child may receive no 
benefit from participating in this study. 
Alternatives 
Your child's alternative is to not participate in this study. 
Costs/Payments 
There are no known costs to your child for participating in this research study except for your 
child' s time. Your child will not be paid to participate in this research study. 
Confidentiality 
Data will be stored in locked flies and a password protected computer only accessible to the 
Principal Investigator and his dissertation advisor and destroyed at the end of the research. All 
research data will be assigned a code. There will be no list that links the name of subjects to their 
code. The signed consent forms will be kept separate from the research data. 
Your child's information may be used in publications or presentations. However, the information 
will not include any personal information that will allow your child to be identified. Information 
from this study and study records may be reviewed and photocopied by the sponsor, the 
institution and by regulators responsible for research oversight such as the Office of Human 
Research Protections and the Boston University Institutional Review Board. 
Voluntary Participation 
Taking part in this research is voluntary. Your child has a right to refuse to take part in this study. 
If your child decides to be in this study, he or she can refuse to answer any question if he or she 
wishes. If your child decides to be in this study and then changes his or her mind, he or she can 
withdraw from the research. Refusal to participate will not involve any penalty or loss of benefits 
to which your child is otherwise entitled. 
Boston University College of Fine Arts 
855 Commonwealth Avenue 
Boston, Massachusetts 02215 
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If there are any new findings during the study that may affect whether or not your child wishes to 
continue to take part in the research, you and your child will be told about them as soon as 
possible. The Principal Investigator may decide to stop your child's participation in the study 
without his or her consent. This might happen if the Principal Investigator decides that staying in 
the study will be bad for your child or if he/she or the sponsor decides to stop the study. 
Contacts 
If you have questions regarding this research or if your child has a research related injury, either 
now or at any time in the future, please contact the Principal Investigator, Anthony DeQuattro, at 
203-415-3958 or at rhythmSALAD@aya.yale.edu. Questions may also be addressed to his 
faculty advisor, Dr. Roger Mantie, at rmantie@bu.edu. You may obtain further information about 
your child's rights as a research subject by contacting the Boston University Institutional Review 
Board for Human Subjects Research at 617-358-6115 or irb@bu.edu. 
Agreement to Participate 
By signing this consent form you are indicating that you have read this consent form. You are 
also indicating that you have been given the opportunity to ask questions about the study and all 
of your questions have been answered to your satisfaction. By signing the consent form you are 
indicating that you voluntarily agree to participate in the study. You will be given a copy of the 
consent form to keep. 
I have read this consent form. All my questions have been answered. I agree to participate in this 
study. I have been given a copy of this form. 
Name ofParticipant (Your Child) 
Name of Person Giving Consent 
Signature of Person Giving Consent Date 
Name of Person Obtaining Consent Signature Date 
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RESEARCH ASSENT FORM 
Title of Project: A Comparison of the Beat Competency and Rhythm Echo Accuracy of High 
School Musicians and Dancers 
Principal Investigator: Anthony DeQuattro 
Study Background and Purpose 
You are being asked to participate in a research study. The purpose of the study is to learn more 
about the factors that contribute to improved rhythmic ability. By better understanding these 
factors, better teaching techniques for both music and dance students can be developed. You are 
being asked to participate in this study because of your involvement in dance or music classes. It 
is expected that your participation in the study will last less than 15 minutes. The Principal 
Investigator is a student at Boston University and this project is being completed as part of his 
degree program. After reading about this study in more detail, you will be asked if you would like 
to participate in it. 
What Happens in this Research Study? 
If you agree to participate, you will be asked to complete a form and possibly tap rhythms on a 
computer keyboard. The form consists of seven questions and will gather information on your 
age, sex, grade level, race (optional) and years of music and dance experience. The computer 
portion of the study requires participants to keep time with music and repeat rhythms by tapping 
on a computer key. Completion of both computer tests should take less than ten minutes. 
Completion of the form should take less than five minutes. The research will take place at the 
High School in which you are enrolled. The Principal Investigator will be at your school doing 
the study on one day. 
Risks and Discomforts 
There are no known risks associated with participation in this study. There may be unforeseen 
risks to the study. If new risks are identified, the Principal Investigator will let you know 
immediately and you can decide if you want to remain in the study. 
Benefits 
You will not receive any direct benefits from participating in this study; however, if you 
participate in this study it could help others by contributing to the understanding of music and 
dance education. You may receive no benefit from participating in this study. 
Alternatives 
If you do not want to be a part of this study, you do not have to be. 
Boston University College of Fine Arts 
855 Commonwealth Avenue 
Boston, Massachusetts 02215 
T 617-353-3350 F 617-353-5331 
www .bu.edu/cfa 
Costs/Payments 




The Principal Investigator will do his best to keep the information that you disclose private. He 
will tell you if he plans to tell your parents, teachers or others any information that he learns from 
you while doing this research. 
Even though he will try to keep the information private there is a chance that someone who is not 
part of the study will learn some private information about you if you join this research study. 
Ask the Principal Investigator about this if you have any questions. 
All information will be stored in locked files and a password protected computer only accessible 
to the Principal Investigator and his teacher and destroyed at the end of the research. When you 
take the computer generated test (tap the rhythms) your score will be assigned a number. Your 
form will be assigned the same number. Your name will not appear on either. Your information 
may be used in publications or presentations. However, the information will not include any 
personal information that will allow you to be identified. 
Voluntary Participation 
Do you have to be in this study? No, you don't. No one will make you if you don't want to do 
this. Just tell the Principal Investigator or your dance or music teacher if you decide not to do it. 
No one will be mad at you or change how they take care of you because you don't want to 
participate. If you decide to join and then later change your mind it is ok. If you decide to join but 
then don't want to answer some of the questions now or later that is ok. 
Contacts 
If you have questions regarding this research or if you think you are being hurt by the research 
now or later your parents can contact the Principal Investigator, Anthony DeQuattro, at 203-415-
3958 or at rhythmSALAD@aya.yale.edu. Questions may also be addressed to his faculty advisor, 
Dr. Roger Mantie, at rmantie@bu.edu. 
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Agreement to Participate 
If you sign this assent form it means that you have read it. It also means that you have been given 
the chance to ask questions about the study and your questions have been answered. If you sign 
this it means that you are agreeing to participate and no one is forcing you. 
You will be given a copy of the consent form. 
Name of Participant 
Signature of Participant Date 
Name of Person Obtaining Consent Signature Date 
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Appendix E 
List of Rhythms Presented in Part 2 of the RPT-R 
J-90 
1.i n~ 1 
2J_i .J ll.J -I 
/i nnln.J I 
4.Ji.Jnln.JI 
J-130 
5. i n~ , 1 ~ ~ 1 
/I llHI .J .J I 
77 .J. .J.I m.J.I 
s"f .J n I.J .J I 
/i n.J ls.JI 
~:.i m .J. u ll .J.I 
J·9U 
11. i .j ~ I ~ n I n ~ I 
12~;0 ~ ~In ~ In ~ I 
4 
131 m mlm .J.I 
14"j .J .J I .J .J I.J n I n .J I 
151.J. m I.J ll .J. I 
I 16~i n~ln ~I~ nln ~I 
I /i n .J I.J .J I.J .J I .J .J I 
~/i .JMI Jll.J.I m m I.J. !-
19JI nnlnniJ J In .J IJ ~I 
20"1' nnlnni.J ~In .JI 
From Rhythm Performance Test-Revised (Version 2.5) [manual]. (p. 32), by J. W. Flohr, 
2003, Champaign, IL: Electronic Courseware Systems. Copyright 2003 by John W. 
Flohr. Reprinted with permission 
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AppendixF 
Participant Data Form 
Participant Number: _____ (to be filled in by researcher) 
Do not write your name or any other identifying marks on this form 
1. What is your age? _____ _ 
2. What is your sex? (Please Circle) M F 
3. What grade are you in? ______ _ 
4. How would you describe your ethnicity (optional) (Please Circle) 
White African-American Hispanic Asian American Indian Other: 
----
5. Have you ever received private or group dance instruction? If so, for how many years and months? 
___ years + __ months I have never received dance instruction 
6. Please circle the dance styles (or write them in the space provided) in which you have received at 
least two years of instruction. 
Ballet Tap Jazz Modem Hip Hop Salsa African 
Others: 
---------------------------
7. Have you ever taken instrumental music lessons or played an instrument with a performing 
ensemble such as school bands or orchestras, youth orchestras or community bands, or any other 
instrumental music group? If so, for how many years and months? 
____ years+ ___ months 
__ I have never played an instrument in private 
music lessons or in ensembles such as band, 
orchestra, or jazz band. 
8. Please circle the type of instruments (or write them in the space provided) on which you have 
taken lessons or played with a performing ensemble for at least two years. 
Strings Brass Woodwinds Drums/Percussion Guitar/Bass Piano 
Others: ___________________________ __ 
9. Have you ever taken private voice lessons or sung with a performing group such as a choir or any 
performing ensemble? If so, for how many years and months? 
years + months 
---- ----
__ I have never participated in vocal ensembles. 
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